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DETACHABLE SUMMARY

MONTE CARLO POPULATION DEFENSE MODEL: INITIAL RESULTS
Walmer E. Strope, John F. Devaney, and Frederic Miercort
Contract No. DCPAO1-77-C-0223 Work Unit 4114H

Purpose

In August 1977, Secretary of Defense Harold Brown requested of his
staff an analysis of civil defense options that could confidently save at
least one-half to two-thirds of the population, provided an attack were
preceded by a one-to two-week crisis buildup or "surge" period. At the
time, there was no assessment methodology available that could address the
Secretary's request in the sense of establishing confidence limits on the
predicted performance of civil defense under nuclear attack. The purpose
of this report is to document a methodology that allows the introduction of
ranges of uncertainty into the assessment of casualties resulting from
hypothetical nuclear attacks and to exhibit the initial results of its
application to two civil defense optioﬁs.

Assured Survivors

The initial results as applied to the criterion of the Secretary of
Defense are shown in Figure S-1. The survival criterion is shown as a
shaded band between 50 percent and 67 percent survivors. The two sets of
bars at the right of the chart refer to Program D Prime, the program approved
by the Secretary of Defense after the study referred to above. The sets of
bars at the left refer to a lower-cost civil defense option in which only
the basic planning for the relocation of the urbanized population during a

crisis 1s undertaken in addition to maintaining the current civil defense
capability in other respects.

Both civil defense options feature crisis relocation as the primary means
of improving population survival. The essential difference between the two
options is that Program D Prime, in addition to basic relocation planning, is
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FIGURE S-1 ASSURED SURVIVORS AT
95 PERCENT CONFIDENCE LEVEL
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*Confidence that at least half to two-thirds of popula-
tion would survive a large-scale nuclear attack.
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designed to produce a high-confidence relocation capability and to provide
the shelter protection, operational capabilities, and survivable direction
and control needed to exploit fully the relocation potential. Program D
Prime also provides some improvement to the in-place posture in the form

of a survey of best blast protection in cities, operational plans and
exercises, ard trained shelter personnel. Thus, in Figure S-1, one set of
bars for each option assumes that relocation occurs following a Presidential
directive and the other assumes an in-place posture in which only spontaneous
evacuation during a crisis is accounted for.

Two hypothetical attacks were used to assess the performance of the
options. Both are large-scale attacks aimed at military and urban~industrial
targets in the continental United States. Both employ surface bursts and
average October winds for determination of fallout levels. Attack A is based
on the Soviet threat that was used to generate the Risk areas currently used
for crisis relocation planning. It places about 55 percent of the resident
population in the direct-effects region of detonations. Attack B is
substantially larger than Attack A and is based on a highly-MIRVed Soviet
threat. It places about 65 percent of the resident population in the

direct-effects region of detonationms.

The height of the bars in Figure S-1 represents the lower bound of the
95-percent confidence limits estimated by means of the new assessment
procedure. There is one chance in 20 that any particular outcome will lie
outside these limits, distributed equally above and below. Hence, there is
only one chance in 40 that an outcome would be lower than the lower limit
used here to define "assured survivors". It can be seen that the Paper Plans
Only option intersects the criterion band only for Attack A and only 1if a
timely Presidential relocation order occurs. On the other hand, Program D
Prime satisfies the criterion of the Secretary of Defense for both attacks

and in both in-place and relocated modes.
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Basis for the Estimates

L : Most of the factors affecting population survival are subject to

- uncertainty. For these initial results, expert panels provided estimates

of ranges of uncertainty that were used to define probability distributions.
Based on these distributions, the Monte Carlo Population Defense Model
(MCPOPDEF) selected a value at random for each variable subject to uncertainty.
These values were then used in the Population Defense Model (to be described

5 below) to assess fatalities and injuries. After 100 such estimates were
obtained, means and standard deviations of the sample were calculated. These

results permit confidence limits to be established.

The Population Defense Model (POPDEF) used to assess fatalities and
injuries in each cycle of the Monte Carlo routine is itself a significant
m : advance in the art of casualty assessment. It is based on a "defense scenario"
that traces the changes in the vulnerability of population groups from early
in the crisis period until several weeks after attack. The model operates on
three basic population groups: (1) those in Risk areas, currently those defined
for crisis relocation planning, (2) those in Neither areas, where it is planned
neither to relocate the population nor to host people from Risk areas, and (3)

Host areas in which relocatees would be housed and sheltered. The fraction of
the Risk population relocated to Host areas, either by spontaneous evacuation
E or by relocation under Presidential order, is a key factor in the calculation.
Given the fraction relocated, the kinds of shelter to which the population

is agsigned in shelter allocation plans are specified, together with the

protective characteristics of each shelter class. Each shelter group is
analyzed separately thereafter.
Upon warning of attack, the dynamics of warning and movement to shelter are
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used to establish what fraction of those assigned are in shelter, what fraction

¢

J are caught in the open by detonations, and what fraction remain in residences
,. because they have not yet left or refuse to go to shelter. Upon entering

)

shelter, some fraction are placed in the best protective posture by shelter
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managers or emergent leaders. As detonations occur, the model determines,on

the basis of the protective characteristics of the locations of the population
groups,the uninjured and injured survivors and the extent to which the
survivors are trapped in debris. Trapped survivors must be rescued if they
are to continue to survive. Ensuing fires in damaged areas can force those

not trapped to abandon their fallout protection and can cause fatalities

AT

among those trying to leave. Lack of drinking water or inadequate ventilation

L,

can force some fraction of those still sheltered to leave during the first

week after attack. Where this premature shelter leaving does not take place,

Y S

sheltered groups must eventually emerge.

The effective protection against fallout radiation afforded each group is
affected by the protection available while in shelter, the time of shelter
leaving, and the remedial radiological measures (movement to a safer area,
decontamination, etc.) that may be undertaken on behalf of some fraction.

These factors are used to calculate radiation fatalities and injuries.

There are some 30 factors in the Population Defense Model for which
estimates of the ranges of uncertainty and probability distributions are
needed for use in the Monte Carlo calculations. Some of these factors are
"technical" factors having to do with the protective characteristics of the
shelter classes, the growth and spread of fires, and the like. These were

estimated by experts in these technical matters. Many other factors are
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operational or behavioral in character and are sensitive to judgments as to

the effectiveness of training, planning, and public information activities

» specified for a civil defense program option. To aid in making these estimates,
; a Program Analysis Model was devised and used by expert panels of DCPA staff

i members and consultants.

The Program Analysis Model (PAM) identifies relationships among the
i elements of civil defense and describes paths through these relationships

along which quantitative descriptions of elements of the preparedness program
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can be translated into estimates of the POPDEF casualty assessment factors.
Thus, panels made low, best, and high estimates of the fraction of the
population who would have trained shelter managers, the managers' effectiveness
in achieving the goals for which they had been trained, and the importance and
availability of support in the form of radiation measurements or guidance
communicated from Direction and Control. Tens of thousands of individual
estimates were made, from which the model generated by means of a systems logic
algebra the required range of uncertainty in the POPDEF inputs. The Program
Analysis Model is so comprehensive that it is not possible for those making

the individual estimates to judge how these would affect the resulting un-
certainties In casualty estimation. And because of the large number of input
estimates required, the casualty assessment results are relatively insensitive

to changes in particular estimates.

Nonetheless, the use of means and confidence limits in this report may
give an unwarranted illusion of precision. The uncertainty estimates made by
the expert panels provide an excellent initial basis for the evaluation of
potential program performance. Yet, many of the estimates are based on limited
data. The POPDEF and PAM models are also subject to future improvements.
Therefore, the initial results are most useful in assessing the relative
performance of programs or program elements rather than in indicating

absolute performance.

Other Results

Mean or average survival under the two hypothetical nuclear attacks and
confidence limits are presented in the report for total survivors and uninjured
survivors. Program options are also compared on the basis of the ratio of
uninjured to injured survivors, an important consideration in postattack
reconstitution and recovery. It was found that the ratio for Program D Prime
was two to three times that for Paper Plans Only. The effectiveness of the
options in reducing fatalities and injuries was also compared to the cost of

the preparedness programs. The results are shown in Figure S$-2. The upper
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FIGURE S-2 EFFECTIVENESS VS. COST
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chart shows mean or average percent survivors (total and uninjured); the
lower chart shows assured survivors at the 95-percent confidence level (total
and uninjured). The tops of the bars in the lower chart are the same results
shown in Figure S~1. Referring to the lower chart, it can be seen that the
Paper Plans Only option (PPO) adds from 4 to 5 percent of the population as
assured survivors relative to the current capability maintained (CCM). This
amounts to saving about 10 million persons, which is achieved, given a
Presidential relocation order, at an incremental cost of $150 million ($790
million less $640 million). Thus, the cost per added survivor is about $15.
Program D Prime, under the same assumption, adds 73 to 76 million assured
survivors under both attacks at an incremental cost of $1,280 million. The
cost per added survivor is about $17.00. There is little to choose between
the two options in this respect and relative effectiveness or some criterion

of assured survival would appear to be the major decision-making factor.

An analysis of Program D Prime is presented in the report in which the
costs of the total program are divided among five program element ''packages'':
paper relocation plans, relocation effectiveness measures, sheltering and
warning, attack operations, and shelter stocks. The packages are added in
various combinations to the current capability and the effectiveness results
plotted as a function of cost. The least cost per added survivor is the line
of steepest ascent on the graph. It was found that, in terms of total
survivors, uninjured survivors, and assured survivors at the 95-percent
confidence level, the relocation packages, the sheltering and warning package,
and the attack operations package were nearly equal in cost-effectiveness.

The shelter stocks package was significantly less cost-effective in all but
the measure of uninjured survivors. Here, the shelter stocks were so effective
that they provided a significant increase in the ratio of uninjured to injured

survivors, given the investment in the rest of Program D Prime. It can be

concluded that Program D Prime is a well-designed and reasonably balanced

program of moderate cost.




ABSTRACT

s A methodology and computer program is documented that allows the

introduction of estimates of uncertainty into the assessment of nuclear

warfare casualties and of the effectiveness of candidate civil defense

programs. Estimates of uncertainty in input parameters of the model were

made by expert panels. A Monte Carlo method is used to generate estimates of

the mean and standard deviation of outcomes. The method is applied to two
candidate programs, which are compared in terms of mean total and uninjured
survivors, assured survivors at the 95-percent confidence level, uninjured
to injured ratios, and cost per added survivor. An analysis of the

contributing elements to the dominant program is presented.
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I. INTRODUCTION

Purpose
The purpose of this report is to document a methodology and computer

program that allows the introduction of ranges of uncertainty into the
assessment of casualties resulting from hypothetical nuclear attacks. The
methodology is an adaptation of the Population Defense Model (POPDEF) and

its associated Program Analysis Model (PAM) reported in detail imn a companion
report.* Also reported are the results of input estimates made by expert
panels and the consequent performance of several civil defense program options

under hypothetical nuclear attack.

Scope
The work reported here was performed for the Defense Civil Preparedness

Agency under Modification PO88-3 to Contract No. DCPAQl-77-C-0223. which

contained the following scope of work:

A, General
The Contractor, in consultation and cooperation with the Government,
shall furnish the necessary facilities, personnel, and such other services as
may be required to implement the effectiveness methodology at its current
stage of development on the DCPA computational facilities and to provide an
interim assessment of the effectiveness, in terms of casualty reduction, of
the elements of a civil defense program to be specified by the Government

under one or more assumed attacks.

B. Specific Work and Services

The Contractor shall perform specific work and services including,
but not limited to, the following:

1. Devise a short-running casualty assessment program based on
work accomplished under Contract No. DCPAQ1-77-C-0223 and implement this program
on the DCPA computational facility.

Walmer E. Strope and John F., Devanev, Effectiveness of Civil Defense Systems,
Center for Planning and Research, Inc. (June 1979).
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2, Establish, in consultation with appropriate DCPA staff,
appropriate quantitative values of the inputs to the casualty assessment
program for a civil defense program specified by the Government, including

ranges of uncertainty based on current knowledge.

3. Perform such manual assessments as are necessary to establish
appropriate inputs, check machine computations, and provide provisional results

in a timely manner for use by Government.

4, Develop one or more computational procedures for introducing
ranges of uncertainty into the casualty assessment program and perform machine
assessments of civil defense program elements of such nature and at such times

as specified by the Government.

5. Document the methodology and results in the form of a summary

report on this phase of the work.

Limitations

The computational procedure employs a Monte Carlo sampling model connected
to the Population Defense Model (POPDEF). POPDEF has been developed to the
point where it specifically includes all civil defense elements that contribute
significantly to casualty reduction with the exception of medical care and
some crisis relocation direction and control functions. Thus, the limitations
on the use of this model lie primarily in the quality of the data om which
the values of the input parameters are based. As reported here, a number of
expert panels supplied by DCPA undertook to assess low, best, and high estimates
of the needed input. The Monte Carlo - POPDEF computer program (MCPOPDEF) then
generated statistical indices of civil defense program performance. Although
this procedure is believed to represent a relatively unbiased attempt to define
civil defense program performance, the use of means and confidence limits can
easily give an illusion of precision that should be guarded against. Because
of the large number of input estimates required, the casualty assessment
results are relatively insensitive to changes, adjustments, or corrections of
particular inputs. Nonetheless, the results are best suited for use in
assessing the relative performance of programs or program elements, rather than

for use in indicating absolute performance.




Overview
This introduction is the first of five sections of the report. Section
II summarizes the POPDEF and MCPOPDEF models and their implementation on the
DCPA computational facility. It is responsive to paragraph B.l and B.4 of
the scope of work. Section III describes the procedure used to obtain
uncertainty‘estimates for use in the PAM methodology and, ultimately, in
MCPOPDEF. It is responsive to paragraph B.2 of the scope of work. Section
IV presents the initial results of the exercise of the MCPOPDEF model, using
the uncertainty estimates discussed in Section III. These results are
analyzed to bring out some of the major program design implications.

Conclusions and recommendations are contained in Section V.
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II. MONTE CARLO VERSION OF POPDEF

Estimates of system costs and effectiveness are needed in the process of
developing policies and deciding on the nature and extent of civil defense
preparedness programs. A methodology has been developed for estimating the
individual and combined contributions of various program elements to total system
effectiveness, as measured by casualty reduction. The casualty assessment part
of this methodology is called the Population Defense Model (POPDEF). Many of
the input parameters to POPDEF are subject to uncertainty. Hence, the Monte
Carlo version of the Population Defense Model was developed to allow the user
to define probability distributions for each of these parameters. The Monte
Carlo version (MCPOPDEF) samples from these distributions particular values
that are then used in POPDEF to determine the resulting casualties. After a
user-specified number of cycles are performed, means and standard deviations

are calculated for each output quantity and these results printed out.

Since MCPOPDEF is essentially a routine that uses the POPDEF model
repeatedly as it progresses through the specified number of cycles, both
models have been implemented in a single computer program. When a single
cycle is specified, the program operates as POPDEF. When multiple cycles are
specified, the program operates as MCPOPDEF. Normally, MCPOPDEF runs consist
of 100 cycles, although smaller and larger runs have been made to test the
behavior of the statistical output. The POPDEF model has been tested against

manual calculations using the same input values.

As mentioned in the Introduction, the POPDEF model is reported in detail in
a companion report. The basic structure of the POPDEF model is summarized below

to aid in discussing the Monte Carlo version and the results obtained from its
use.

The POPDEF Model

POPDEF is an aggregated casualty assessment routine that draws on the more

detailed DCPA computer program, TENOS. TENOS operates on unit areas defined by
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two minutes of latitude and longitude over the Continential United States.
POPDEF operates on three regions -- Risk, Host, and Neither -- using data
aggregated from the unit areas by the TENOS model. For each region, TENOS is
used to determine the population of the region for a stipulated fraction of

the resident population of the Risk region relocated to the Host region (FCR),
the distribution of this population with respect to attack effects (overpressure

and ERD), and the population assignment to shelter categories (FA).

The model accommodates ten shelter categories, three of which are reserved
for those at random in residences (unassigned, stay-puts, etc.), those in home
basements, and those in the open at time of detonation. Each category is
defined by rated protection characteristics -- MLOP, MCOP, and PF -- that are
intended to reflect random location and posture in the shelter area and minimal

medical care for the injured.

POPDEF employs a 'defense scenario” to trace the changes in vulnerability
of the population in each shelter category. A typical tableau for one shelter
category is shown in Table 1. (The "B/C" category of shelters are in the
basements and sub-basements of large buildings.) The events of the defense
scenario are shown at the left. The first event is the Shelter Assignment;
that is, the product of the CSP planning process that determines where the
population is to be sheltered. For each shelter category, there is a "Stay"
column and a "Move" columm, each of which is subdivided into uninjured (SU, MU)
and injured (SI, MI) components. The entries in the table are in percentages
of the regilon population; in this example, the residual Risk population after
77 percent relocation. Also shown on the right are the inputs to the
computational program that must be specified, together with example values of

the input parameters.

The actual calculations are made in terms of population rather than the
percentages shown in Table 1; hence, the resident populations of the Risk, Host,
and Neither areas are also an input to the computation. FCR, the fraction of

the Risk population that has relocated to the Host area prior to attack, thus
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defines the population in the Risk Area at time of attack. FCR is taken here
to be 77 percent. The value of FCR is calculated by means of the Program
Analysis Model described in the next section. The fraction of the population
assigned to shelter category "B/C" is FA, which is an output of the TENOS
shelter assignment process at the unit area level. Thus, 29.3 percent of the

residual population in the Risk area is assigned to this shelter category.

The next event, Warning, defines the population in this shelter category
at the end of the warning and movement-to-shelter process and just prior to
detonations. To obtain the estimated shelter population at time of detonation,
two inputs must be specified: FS, the fraction not moving to shelter, and FE,
the fraction caught in the open enroute to shelter. The example values shown
in Table 1 are 0.12 for FS and 0.03 for FE. Thus, the assignment, 29.3 percent,
must be multiplied by 0.12 to find that 3.52 percent of the population are
stay-puts at time of attack. The remainder, 25.78 percent of the population,
move to shelter. Of these, 3 percent are caught enroute, leaving 25.01 percent

in shelter category "B/C" at time of attack.

The Protective Posture event is now introduced into the scenario. This
activity does not change the amount of population in shelter but it changes
the vulnerability of this population to attack effects. The rated protection
characteristics of the "B/C" shelter category (MLOP, MCOP, PF, and the casualty
functions on which they are based) assume random location and posture (standing,
sitting, or lying down). If, for example, shelter managers were to seat
shelterees along the walls and around columns away from the center of ceiling
spans, both fatalities and injuries would be reduced. This defense action is
accounted for in the computation by means of the inputs AMLOP and AMCOP.
Estimates of these parameters are obtained in two steps: first '"technical"
estimates are made of the fractional increase in MLOP and MCOP if everyone
were in the protective posture. This potential increase is then multiplied
by an estimate of the fraction of the shelter population actually in the
protective posture to obtain the net AMLOP and AMCOP. In the example, both
AMLOP and AMCOP are assessed at 3 percent. This means that the survivors on

the Detonation line will be assessed by entering the attack environment matrix




with an MLOP of 10.3 psi rather than 10.0 psi and an MCOP of 7.2 psi rather
than 7 psi. This procedure is satisfactory because the distribution of
population with overpressure is uniform in the region of interest for large

attacks.

Similarly, the rated PF of a shelter is based on random location and
posture. If, after fallout arrival, a shelter monitor or manager is able
to locate the safest place in the shelter area and group the occupants there,
a substantial improvement in fallout protection can usually be achieved. In
shelter category "B/C", the "technical” estimate is 75 percent (APF = 0.75)
if all shelter occupants assume the fallout protective posture. In POPDEF,
the estimate of the fraction of the shelter population actually in the
protective posture, FPF, is not multiplied by the potential APF to obtain a
net value. Rather, the survivors in shelter are divided into two groups, one
at the rated PF and one at the augmented PF, Thus, in the example shown in
Table 1, 95 percent of the occupants would be assessed at a rated PF of 500
and 5 percent at a PF of 875.

The event, Medical Care, is shown at this point in the scenario because
it 1s another defensive action that can alter the casualty outcome without
changing the location of the population. It is shown in parentheses because
it has not yet been operationalized in POPDEF. Casualty functions appropriate
to levels of medical care are not available for the shelter categories used
in POPDEF. Hence, all casualty assessments made by the model at its present

stage of development are based on minimal medical care.

At the Detonation event, fatalities and injuries from direct effects are
assessed. The surviving uninjured and injured are shown in parentheses in
the Stay column. The sum of uninjured and injured are the total survivors in the
location. The entries are obtained by entering an attack environment matrix,
such as the one in Table 2, using the modified MLOP and MCOP. This matrix, which
is the aggregate result of applying the TENOS model to all Risk unit areas, shows

the percentage of the Risk population who are in areas experiencing less than the

blast overpressure shown in the column heading as well as less than the equivalent

residual dose (ERD) shown in the row heading. The bottom row of this matrix is
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used to assess detonation fatalities and injuries. The fraction of the
population experiencing less than the MLOP are considered to survive in
this shelter category. The fraction experiencing less than the MCOP are
considered to be uninjured survivors. Thus, interpolation between the
5-psi and 10-psi entries finds that 46.4 percent of the Risk population
experience overpressure less than 7.2 psi and are classed as uninjured.
Multiplying the 25.01 percent of the Risk population in this shelter
category by this factor yields the 11.60 percent shown in the SU column.

’

The detonation survivors are then partitioned into those who are trapped
in debris and those who are not. This is accomplished by associating with
each location a median trapping overpressure (MTOP). Survivors experiencing
less than the MTOP are not trapped. Further, a value is assigned to the
fraction of the trapped who are uninjured (FTU). This permits the trapped
and not-trapped to be defined as uninjured or injured. The sum of trapped
and not-trdpped in each column must equal the survivors carried in parentheses
on the Detonation line. This procedure is necessary so that the Rescue and

Fire events can be assessed.

The Rescue activity operates on the trapped fraction. Hence, the
population percentages in the Stay columns consist of those not trapped plus
the survivors of those caught in the open enroute to this shelter category.
The latter are estimated as part of the "In Open" shelter category and assumed
to continue to the assigned shelter. The survivors shown in the Move colummns
in parentheses are the fraction of the trapped who are rescued, which is
determined by the input, FR, which is taken to be 75 percent in this example.
The rescued survivors are divided into those afforded remedial radiological
measures (R) and those who are not (N) by FRR, taken as 2 percent in this
example. POPDEF has the capability to accept differing estimates of the
effectiveness of remedial movement as functions of (a) time after attack
and (b) location of the survivors with respect to physical damage. Since

all rescue occurs in the damaged area, only one value of FRR is necessaryv.




The Fire event operates on the Stay fractions shown on the Rescue line.
The inputs to the calculation are FF, the fraction forced out of shelter by
the fire threat; FFR, the fraction of these afforded remedial radiological

measures ; FFSS, the fraction of those not forced out who survive; and FFSM,

the fraction who survive among those forced out. The input, PSIF, taken to

be 2 psi in Table 1, defines the overpressure level above which the fire

situation exists.

The calculations for the Fire event illustrate some of the complexities
incorporated into POPDEF. Consider the SI column in Table 1. The 1.93 percent
of the population who are injured survivors after the Rescue event are all
within the 2-psi region. Hence, the 1.72 percent remaining after the Fire
event comprise 89 percent of the original 1.93 percent and the 0.21 in the MI
column are the 11 percent of the injured forced out of shelter by fire
(FF = 0.11). (The latter are also reduced by FFSM but the survival rate is
s0 high, the difference does not appear in this rounding.) However, the 0.82
percent in the MU colummn is only about 7 perceat of the 11.53 percent uninjured
in the SU column after the Rescue event. This comes about because about one-
third of the uninjured survivors are in overpressure regions less than 2 psi
according to the attack environment matrix underlying this example calculation.
Hence, the FF of 11 percent can be assessed only on the approximately two-
thirds that are in the fire area. Thus, 10.7 percent of the population remain
uninjured in this shelter category and the difference, 0.83 percent, are
forced out. The latter figure is then reduced by FFSM to the 0.82 percent
shown. It can be seen that the computational program must account for the
distribution of survivors with overpressure at each stage in the calculation

in order to model survival in a reasonable way.

The Water event (lack of drinking water) applies to the SU and SI
population fractions remaining in this shelter category after the Fire event.
The principal inputs are FW, the fraction forced out because of lack of
drinking water, and FWR, the fraction of those forced out that are afforded

remedial radiological measures. Consider those "B/C" shelters that are remote
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from the detonation region. Lacking the provision of stored water in
specially provided containers, some fraction of these shelters will have

ample supplies of drinking water in various storage tanks or may be served

by a gravity-pressurized water system that would provide water even 1if

electric power supplies were disrupted. Thus, only a portion of the sheltered
population would be in "B/C" shelters where lack of drinking water could result
in premature shelter-leaving. On the other hand, in the area close to
detonations, storage tanks and piping would be destroyed and water mains

broken. Survivors in this situation would lack drinking water.

In Table 1, le is the estimated fraction forced out because of lack of
drinking water in the undamaged area. sz is the fraction forced out in the
damaged region. PSIFW is the overpressure dividing these two regions. 1In
the example calculation, all survivors experiencing more than 4 psi are forced
out as well as half those experiencing lower overpressures. In the calculation
shown, most of the iInjured survivors are over the 4 psi level (MCOP = 7 psi).
The exception is the injuredd survivors that continued on to "B/C" shelters
after detonations occurred. These were in the 2-3 psi region. They comprise
1.93 - 1.85 or 0.08 percent of the population and half of them are forced out,
leaving 0.04 in the SI column. The equivalent calculation for SU is explained
by the fact that fully three-quarters of the 10.7 percent uninjured survivors
are found at overpressures less than 4 psi when previous deductions in the

scenario are taken into account.

The FWR calculation follows a similar pattern. In undamaged areas
several days after attack, the effectiveness of remedial movement 1s seen as
quite good -~ FWR1 = 0,64 -- whereas in damaged areas it is seen as quite
poor -- FWR2 = 0.02. PSIW defines the boundary of the damaged region as 2 psi
in this example. Hence, all of the injured forced out, being in the damaged
reglon, are subject to the 2-percent remedial movement. On the other hand,
about 20 percent of the uninjured obtain remedial measures because many are

in the undamaged region.
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It should be noted that at the conclusion of the Water event all *
survivors remaining in "B/C" shelters -~ some 4.12 percent of the Risk
population -- are in overpressure regions below 4 psi as the result of the
estimates of FW, and PSIFW. These survivors are still subject to premature

2
shelter-leaving because of an untenable heat environment in the shelter areas.

This is more likely in summer months than in winter months and more likely in
the South and Southwest than in the North. As can be seen by the input values
in Table 1, all survivors are forced out in this event (FV = 1,0). The times
at which this movement occurs as well as those for the water event are derived
from the analysis of climatological and physiological variables. These times
are effective times of shelter-leaving that reproduce the assessment of
radiation casualties under variable leaving times in different parts of the
country and at different times of the year. In particular, it is not meant

that people afforded remedial movement actually leave shelters earlier than

the (N) group but merely that the effective exit time must be shorter to proper-

ly reflect the casualty ratio when remedial movement fails.

Because the Ventilation event occurs many days after the detonation,
the estimate of FVR1 is substantially higher -- 82 percent effective -- than
FWRl in undamaged areas. The effectiveness of remedial measures in damaged
areas remains low during this period. Since all occupants in this shelter
category have left shelter at the end of the Ventilation event, the final
Emergence event is not necessary. Under other assumptions, there would be a
group who would ultimately emerge, as the defense scenario procedure requires
that all persons leave shelter at some time so that estimates of radiatiom

fatalities and injuries can be made.

Fallout radiation casualties are computed by first calculating an
effective protection factor (EPF) for the exposure regime of each group in the
Move columns. This process requires other inputs not shown in Table 1, such
as the average protection factor after leaving shelter with and without
remedial measures and the like. These inputs are defined in Appendix A along
with the inputs described above. The resulting EPFs are multiplied by estimates




of median lethal dose (MLD) and median sickness dose (MSD) for uninjured
and blast-injured persons and the results used in the attack environment
matrix to determine the radiation survivors and uninjured among the detonation

survivors.

The POPDEF Output

The results of the POPDEF casualty computations can be printed out in
varying amounts of detail as needed for purposes of analysis. The highest
level of aggregation is the national summary, an example of which is shown
in Table 3. Similar summaries can be requested for the three regions: Risk,
Host, and Neither. Within each region, detailed printouts can be obtained
for each shelter class. The latter are in the format of Table 1 except for
omission of the listing of input parameter values. Each shelter class event
tableau is followed by a casualty summary like that in Table 3.

The casualty summary consists of thtee'tables in sequence. The uppermost
table records total survivors (in millions) by event, as assessed from the
"Move' columns of the event tableau. Those afforded remedial radiological
measures are shown separately from those who are not and, within these

categories, those uninjured (MU) and injured (MI) by direct effects.

Next in Table 3 is the record of the subset of survivors who are uninjured
from fallout radiation; that is, those whose ERD is less than 200 Roentgens if
blast injured or less than 250 R if not injured. The differences between these
entries and the corresponding entries in the upper table are those survivors

suffering radiation injury.

At the bottom of Table 3 are the summaries of survivors and fatalities by
cause. The "Not Injured" 1is the sum of the MU columns in the "Radfiation
Uninjured” table. The blast injured value is the sum of the MI columns in the
same table. The radiation injured are obtained from the differences between
the MU columns in the two upper tables and those injured by both blast and
radiation are obtained in a similar fashion from the MI columns. By dividing
any entry by the population base shown at the top of the table, the results can




=16~

Table 3

EXAMPLE POPDEF OUTPUT

Population = 211.774

Rescue
Fire
Water
Vent
Emergence

Subtotal

Rescue
Fire
Water
Vent
Emergence

Subtotal

TOTAL SURVIVORS

REMEDIAL

My ML
.013 .128
.000 .000
1.867 .188
474 .012
131.559 .334
133.913 .662

RADIATION UNINJURED

ULTIMATE SURVIVORS

Not Injured

Blast Injured
Radiation Injured

Blast Radiation Injured

TOTAL

REMEDIAL

My MI
.012 .115
.000 .000
1.712 .154
420 .011
127.193 .301
129.337 .581
169.569

2.700 .

10.376
.829
183.474

NON-REMEDIAL

MU M
.064 .564
.326 .095
4.682 1.487
. 600 .059
40.360 .662
46.032 2.867

NON-REMEDIAL

MU MI
.053 430
.225 .063
3.744 1.072
.516 .051
35.693 .503
40.232 2.119
Blast 15.290
Radiation 12.786
Other 224
TOTAL  28.300
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be expressed in terms of fractional survival. In Table 3, which assumes
crisis relocation, the overall survival rate is about 87 percent. About 80
percent of the population are uninjured survivors. The fatalities are about
equally due to blast and radiation, with a small "other" contribution from

fire and lack of rescue.

The MCPOPDEF Application

The POPDEF model outlined above is a short-running though reasonably
accurate casualty assessment computer program. It has been implemented on
the DCPA computational facility as required by paragraph B.l of the Scope of
Work. In the process, the casualty assessment program has been linked to a
Monte Carlo routine that satisfies paragraph B.4 of the Scope of Work. A
description of these programs is contained in Appendix A, along with an
overview of the model, a description of the MCPOPDEF/POPDEF input quantities,
and a description of the output produced when the model is run in the MCPOPDEF
mode. ’

With respect to the output of MCPOPDEF, Table A-2 of the Appendix may be
compared with Table 3 of this section. In the MCPOPDEF mode, the entries are
average or mean values of the Monte Carlo runs and standard deviations are
provided for the mean values in the final listings of ultimate survivors and
fatalities. The MCPOPDEF output is available only for national or regional

summaries whereas output at the sheltei category level is available for the
single POPDEF run.

It will be noted in Appendix A that the input names in Table A-1 differ
somewhat from those used in Table 1 of this section and the subsequent sections
of this report. For example, FCR in Table 1 is called FCRR (L) in the computer
code (Table A~1). The necessary correlations are noted in Table A-1l.

The MCPOPDEF version was produced to enable one to account for technical,
operational, and behavioral uncertainties in the many input parameters of the
POPDEF casualty assessment model. The overview in Appendix A describes how

probability distributions are generated from estimates of "low", '"best", and




"high" values of each parameter. Paragraph B.2 of the Scope of Work required

consultation with DCPA staff to establish appropriate "best" estimates and

ranges of uncertainty. This work 1is described in the next section.




III ANALYSIS OF INPUT PARAMETERS

A major part of the work reported here consisted of the estimation of
low, best, and high values of the POPDEF input parameters listed in Table 1,
together with estimates of the probability distribution over the range of
uncertainty where this distribution could be described. Where no distribution
could be specified, a "default" distribution that approximates a normal
probability distribution was used, as described in Appendix A. Such estimates

were produced, in consultation and cooperation with DCPA staff, for most of the

POPDEF input parameters. The procedures used and results obtained are

summarized in this section and documented in appropriate appendices to this

report.

Basic Approach

The mechanism used in obtaining the required estimates was to work with
expert panels provided by the sponsor. These panels consisted largely of
DCPA technical and planning personnel, augmented occasionally by DCPA consultants
and contractors. In some areas, such as the rated protection characteristics of
shelter classes (MLOP, MCOP, PF), the discussions were technical in nature and
concerned uncertainties associated with the inherent variability of structures
within each shelter class, the applicability of available data on failure
mode, and the like. In other areas, such as the effectiveness of crisis
relocation (FCR), the discussions were operational in nature and concerned
uncertainties in the quality and extent of planning, training, and exercising,
the applicability of available data on human behavior, and the like. In these
operational areas, the Program Analysis Model (PAM) noted in the Introduction
was used. PAM applies a logic model to elemental inputs, such as the fraction
of the population having trained shelter managers, to generate estimates of
the POPDEF input parameters. The main advantage of PAM is that it provides a

formal way of breaking down the estimation of an input parameter into its
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contributing parts, for which panel judgments of ranges of uncertainty are
likely to be more valid than a global estimate of the variability of the

input parameter itself. It also provides a means for assuring that all
pertinent aspects have been considered in the estimation process. Moreover,
the model is in such detail that panel members making low, best, and high
estimates of basic elements, such as the recruitment and training of personnel
and the procurement of equipment, could not anticipate the resulting values

of the POPDEF input parameters.

Program Descriptions

Most of the POPDEF input estimates depend not only on technical and
operational knowledge and expertise but also on assessment of the capabilities
that should result from deployment of some proposed civil defense preparedness
program. In this initial effort, uncertainty estimates were made for two basic
preparedness programs. The first program evaluated is presently known as
Program D Prime. The key feature of the program is the development of a high-
confidence crisis relocation capability that could be maintained in the evacuated
mode for a ﬁonth or more, if necessary. Given a crisis "surge period"” of about
a week, the intent is not only to relocate most residents of urbanized areas
and those near key military targets but also to house and feed them and to
provide fallout protection should an attack occur. These relocatees are the
residents of the TR-82 risk areas. The program includes detailed operating
plans for crisis relocation and hosting, including on-site work with essential
industries and organizations for employee relocation, commuting of work shifts,
and on-shift protective measures. Simulation exercises are included to train
the essential forces and to improve the effectiveness of the plans. In-place
shelter protection planning is also included, since a decision to relocate
the risk populaticn is not a certainty.
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Shelter protection in risk areas is based on best use of shelter in

o existing facilities. An all-effects survey is programmed to provide the
basis for in-place planning. In addition, the program calls for 9 million
high-performance shelter spaces for key workers after crisis relocation. A
host-area survey effort is included to (1) identify suitable facilities for
housing and feeding relocated persons, (2) identify all facilities offering
fallout protection, and (3) identify other facilities that could be upgraded
in a crisis to provide fallout protection. Detailed plans for shelter

. upgrading are included. Water containers, sanitation kits, and ventilation

devices are procured for host-area shelters and key-worker shelters in risk

areas.

Program D Prime includes a Federally funded backbone system of EOCs and
. protected broadcast stations, improved warning and communications, radiological
instrument procurement, and extensive training of shelter managers and
radiological defense personnel. This program is estimated to cost about $1.9

billion over a 7-year deployment period, based on 1979 dollars.

The other program that was evaluated is one that adds to the current civil
defense capability the development of austere plans for relocating the risk-

area residents to host areas in a crisis. These "paper plans" would not include

DRIV SR

detailed operational plans nor the exercising of such plans. Except for the
effect of the existence of paper plans for crisis relocation on FCR, all other
POPDEF inputs were estimated for the current civil defense capability. To
{ maintain this current capability over an extended period (equal to the Program
D Prime deployment period) would require investments, in addition to the crisis
relocation plans, to accommodate population growth and other changes and

degradations and to maintain current personnel, equipment, and facilities.

R N ALY o1

The overall cost of this program is estimated to be $790 million over a 7-year
period in 1979 dollars.
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Evaluation Scenario

The programs described above were evaluated on the basis that a crisis
occurs seven years hence; that is, at the completion of Program D Prime. 1In
all cases, the crisis escalates to a confrontation between the superpowers,
at which time a "surge period" of preparedness activity occurs. The amount
of relocation of risk-area residents during the crisis and surge period was
evaluated alternatively under the assumption that no Presidential order to
relocate occurs (spontaneous evacuation only) and under the assumption that
a timely Presidential declaration precipitates implementation of crisis
relocation plans. Thus, four defensive postures were analyzed. Program D
Prime was evaluated under the assumptions that no Presidential order occurs
(DIP) and that a full relocation occurs (DRE). The second program, 'paper
plans only", was called PPO for a Presidential relocation order and was

called, "current capability maintained" (CCM) in all other respects.

For each program, then, low, best, and high estimates were required in
most instances for five conditions: the Risk areas with most of the resident
population in-place; the Risk areas after a major relocation; the Host areas
without relocation of Risk residents; the Host areas with an augmented
population of residents and evacuees; and, finally, the Neither areas, which
are unaffected by the amount of crisis relocation. As will be seen, the
number of individual elements for which estimates were needed numbered well
over a thousand; hence, the number of individual estimates made were in the
tens of thousands. Most of the individual estimates were made as part of the
PAM methodology, which was used to estimate the uncertainty ranges for the
POPDEF inputs FCR, FS, FE, AMLOP, AMCOP, FF, FFSM, FR, FPF, FFR, FRR, FWR, FVR,
and FER (See Table 1). Accordingly, we will outline the PAM methodology below
and follow with a summary of the estimation process and results for each POPDEF

input for which PAM was used. The remainder of the section will summarize the
technical estimates.
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The Program Analysis Model

The Program Analysis Model (PAM) was developed to provide a means by
which appropriate values of the POPDEF input parameters could be estimated,
given a description of a postulated civil defense preparedness program. In
essence, PAM identifies and defines relationships among elements of civil
defense and describes paths through these relationships along which quantitative
descriptions of program elements of the preparedness program can be translated
into estimates of the POPDEF input parameters. For this purpose, PAM employs
(1) a system element structure, (2) a system algebra to define relationships
among elements and between elements and other model inputé,'and (3) logic
diagrams (system trees) that describe how the relationships lead to estimates

of the POPDEF input parameters or intermediate inputs.

The basic system element structure is shown in Table 4. These major and
subordinate elements cover all of the operational and‘ppgparedness aspects of
the civil defense system. The element codes shown in Table 4 are used in the
logic diagrams. However, a third letter is often added to denote relationships
within an element. Thus, for example, DSR is used to refer to the fraction of
the population for which D & C public information personnel have been recruited;
DST, those who have been trained; DSS, their capability; and DSC, the

communications they use.

The system algebra used to relate elements and other quantities consists of

five relationships. They are:

1. Augmentative: x = a + b. This relationship is used whenever one
quantity is increased by another without the possibility of double counting,
as when the fraction of the population having trained shelter managers now is
H augmented by the net increase in trained shelter managers at the completion of

a postulated program.




Table.4

SYSTEM ELEMENT STRUCTURE FOR PROGRAM ANALYSIS MCDEL

Major Element Subordinate Elements Element Code

Shelter Survey SA
Marking SB
Planning -

Community Shelter sSC
Crisis Relocation Shelter sDh
Shelter Production SE
Production -
Single Purpose SF
Slanting SG
Upgrading SH
Expedient SI
Ventilation SJ
Stocking -
Water SK
Sanitation SL
Food SM
Medical SN
Communications SR
Public (EBS) SO
System sP

Crisis Relocation Relocation Movement XA
Planning (CRP) Reception and Care XB
Revising Supply Channels Xc
Commut ing Essential Workers XD

Warning Increased Capabllity -
Natfional System AC
Alerting AA
[nforming AB
Local System AF
Alerting AD
Informing AE
Reduced Delay -
National System Al
Alerting AG
Informing
local System AL
Alerting AJ
Informing AK
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Major Element

Radiological Defense
(RADEF)

Emergency Public
Information (EPI)

Emergency Services

Fire Service

Medical Service
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Table 4 (Continued)

Subordinate Elements

Shelter RADEF
Instruments
Monitors

Self-Help RADEF
Instruments
Monitors

Area RADEF

Instruments
Monitors
RADEF Officers

Information Preparations
Self-Help
Warning
Relocation
Shelter
Broadcast Station Protection

Public Preparedness
Self-Help
Warning
Relocation
Shelter

Fire Prevention
Self-Help
Flre Service

Fire Suppression

Rescue

Inform D&C

Public Health
Self-Help Sanitation
Medical Service Sanitation
Controlling Disease
Controlling Vectors

Medical Care
Transporting
Self-Help First Aid
Service First Aid
Facility Treatment

Inform D&C
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Element Code

us
UA
UB
UH
uc
up
b
UE
UF
UG

IA
1B
IC
1D
IE

-

FA
FB
FC
FD
FD
FF
FG
FH

FI
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Major Element

Police Service

Warden Service

Table 4 (Continued)

Subordinate Elements Element Code

Public Preparedness -
Self-Help LA
Warning LB
Relocation LC
Shelter LD

Maintaining Order -
Facilities LE
Relocation Traffic LF

Movement to Shelter
Remedial Movement
Suppressing Crime -
Controlling Access

Controlling Criminals
Warning
Inform D&C

Public Prcparedness -
Self~Help
Warning
Relocation
Shelter

Managing Movement -
Relocation
To Shelter
Remedial

Shelter-Based Operations -
Fire Fighting
Rescue
Remedial Movement

Managing Shelters -
Public Information
Improve Blast Posture
Improve Fallout Posture
Operate Ventilation
Control Water Use
Shelter RADEF
Sanitatiun
Medical Care
Fecedlng

Receptlon and Care
Lodging
Fecding
Welfare Sevvices

Warning

Inform h&C




Table 4 (Continued)

Major Elemeut Subordinate Elements Eler.cnt Code
g Resource Service Supply -
é Revising Supply Channels RA
: Supplying Goods RB
: R Transporting -
- ¢ Relocation of People RC
‘ . Commuting Workers ' RD
? Remedial Movement RE
g Goods RF
Facilities RJ
Establishing RG
Operating RH
Maintaining & Repairing RI
Clearing Debris RM
Roads RK
. Buildings RL
l Decontaminating RP
Buildings RN
. Terrain RO
¢ Inform D&C RR
i Protect Industry Hardening -
i Facilities BA
: Equipment BB
g Inventories BC
] f Emergency Shut Down -
¥ Faclilities BD
i Processes - BE
i Protect Agriculture Public Preparedness -
bt Self-Help CA
g Shelter GB
s Protect Livestock -
Protection GC '
Feeding GD
¥ Protect Crops -
¢ Protect Seed Stock CE
, £ Direction and Control Decontamination CF
% Federal D&C Support State and Local -
l : Goods DA
P Services DB
! Informat ion DC
Informing the Public DD
h X Warning the Public DG
I 4 Alerting DE
b [nforming DF
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Major Element
State D&C

Local D&C

Research and
Development

Federal Program
Management

-28-

Table 4 (Continued)

Subordinate Elements Element Code
Support Local -
Guods ’ DH
Services DI
Information DJ
Inform Federal DK
Public Preparedness -
Self-Help DL
Warning DM
Relocation : DN
Shelter DO
Warning the Public DR
Alerting Dr
Informling by
Informing the Public DS
Informing the System DZ
State DT
Fire Service DU
Medical Service DV
Police Service DW
Warden Service DX 4
Resource Service DY
KA
Planning -
Program HA
Operational HB 4
Procurement -
Facilities HC i
Equipment I'D
Materials HE
Services HF
Staffing -
Recruiting HG
Course Instruction HH
Organization Exercise H1
Supporting State and Local -
Funds HJ
Ass istance HK
Infurmation HL

Administration ’ HM




Table 4 (Concluded)

Major Element Subordinate Element Element Code
State Program Planning -
Management Program NA
Operational NB
Procurement -
y Facilities NC
Equipment ND
Materials NE
Services NF
Staffing -
Recruiting NG
Course Instruction NH
Organization Exercise NI
Supporting Local -
. Funds NJ
. s Assistance NK
Information NL
Inform Federal NM
Administration NN
Local Program Planning -
Management Program PA
: Operational PB
E Procurement -
" Facilities PC
¢ Equipment PD
i Materials PE
¢ Services . PF
% Staffing -
- Recruiting PG
Course Instruction PH
Organization Exercise PI
Inform State PJ
Administration PK
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2. Independent: x = a * b. This relationship obtains when a potential
capability is modified by an effectiveness, injury, or other factor and when

one capability requires another and there is no logical basis for assuming that

they will necessarily be present in the same place.

3. Dependent: x = min a : b. This relationship is used where one
capability requires another and there is a logical basis for assuming that they
should be present in the same place, as the case where the fraction of the
population having trained shelter managers is the minimum of the fraction for
which manazc-s have been recruited and the fraction for which managers could

be trained.

4. Redundant: x = a + b - ab. This relationship applies where there is
more than one means of accomplishing a given end as when there are two means of

giving attack warning. Some people will be warned by one means and some by the

. other, but those who are warned by both must not be double-counted.

5. Supportive: x = x'{1 - Aa(l - a)}. This relationship applies where
an element of the system would be able to exercise all of its potential capability
(x') if fully supported by the capability, a, of another element and the fraction
of x' that would not be realized in the absence of a is estimated to be Aa. If
the supporting element is always required (Aa = 1), the supportive relationship

reduces to the independent relationship.

The foregoing system algebra is employed, along with the element codes and
certain notational conventions, in logic diagrams or system trees, such as that
shown in Figure 1. The example shown is the basic system tree for calculating
AMLOP and AMCOP, the change in vulnerability ascribed to the blast protective
posture. It will be discussed as a relatively simple example of the PAM
methodology.* The analysis begins at lower center with an estimate (or low,

best, and high estimates) of the fraction of the population assigned to a public

*
The full definitions of the system element structure and the formal development

of all the parts of PAM in its current stage of development will be found 1n
the companion report cited in the Introduction to this report.
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FIGURE 1
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1 shelter class (or all public shelters) for whom shelter managers are presently

recruited (WLRO). The subscript, o, is used for initial conditioms. Next, an

{ . estimate is made of AWLR, the net additional fraction for whom managers will be
recruited in Program D Prime. For "Current Capability Maintained", this element
would be set to zero. Then, WLR, the fraction having managers at program
completion would be the sum, as indicated in relationship (1). Similarly, WLTO
is the fraction of the shelter population with managers trained in improving
blast posture at present. (This estimate requires investigation of the content
of past shelter manager training.) AWLT is the net fraction for whom shelter
managers can be trained in Program D Prime and WLT, the sum, is the fraction of
the shelter population with managers trained in improving blast posture at

program completion.

Moving up the system tree, WL' is the fraction of the shelter population
having shelter managers who would try to improve blast posture, given advice
from D & C. This fraction is the minimum of WLR and WLT. WL' is a potential
capability because some trained managers may not try to improve blast posture
unless reminded by instructions at the time. SP is an estimate of the fraction
of managers who would receive such instructions. The blackened corner of the
i input symbol indicates that there is another system tree by means of which this
' intermediate input is to be calculated. (The SP system tree has two other

intermediate inputs that must be calculated separately.) ASP is an estimate
3 of the fraction of shelter population whose trained managers would not try to
improve blast posture without guidance from D & C. If this estimate is a small
fraction, such guidance is judged not very important. If it is large, guidance
from D & C assumes great importance to this function. Relationship (4), then,
is the supportive relationship and WL is the net fraction of the shelter population

with managers trying to place them in the maximum blast-protective posture.

Of course, not all trained managers may be effective in actually placing

the people in the blast-protective posture. Thus, Kl is an estimate of the

- - - .
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relative effectiveness of managers in achieving improved blast posture. WL
is multiplied by Kl to arrive at the fraction of the shelter population in the
improved blast posture because of managers (Ew).

But some shelters may not have a trained manager or an effective one. In
this case, there may be an emergent leader who could be effective. This
possibility accounts for the left-hand branch of the tree. Given that there
exists a public information activity to prepare the public for shelter occupancy
and that some of the public may learn of improving blast posture from this
activity (ID in Table 4), Id is the net effectiveness of this activity and set
equal to OL', the fraction of the shelter public having emergent leaders who
would try to improve blast posture, given instructions from D & C. The blackened
triangle denotes that Id is to be estimated through use of a subordinate system
tree. The system code, OL, will not be found in Table 4 as it concerns an
emergent and not a system capability. In PAM, public responses have the initial
code letter, 0, and a second letter denoting the activity; in this case, L as
in WL in Table 4.

As before, SO is an intermediate estimate, developed by means of a separate
system tree, of the fraction of emergent leaders who would receive and understand
guidance on this activity from D & C. ASO is the estimate of the fraction of
the shelter population with emergent leaders who would not try to improve blast
posture without guidance from D & C. OL is the net fraction with emergent
leaders trying to place them in improved blast posture; namely, OL' degraded by
the support capability of D & C, relationship (7). K2 is the relative effective-
ness of emergent leaders in achieving the blast-protective posture, which when
multiplied by OL yields the fraction of the population in improved blast posture
because of emergent leaders (Eo).

Since the shelter population can be placed in the blast-protective posture

by either managers or emergent leaders independently, the overall fraction in
the protective posture, Eml’ is the sum of Eo and Ew less their product to avoid

double-counting of those with both. Finally, AMLOPi is the potential fractional
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improvement in MLOP for shelter class i, if all occupants were in the blast-
protective posture. This is a technical estimate. When multiplied by Eml’

the fraction actually in the posture, one obtains the realized increase in
MLOP, which is the desired POPDEF input parameter. AMCOP is obtained by
substituting the technical estimate AMCOP' for AMLOP'.

As can be seen from this discussion, the PAM methodology is quite detailed
and requires numerous estimates of the contributing element capabilities. The
documentation of the PAM methodology in the companion report requires about 250
pages and is included only by reference. The pertinent estimates are summarized
below and detailed in the appendices.

Effectiveness of Crisis Relocation (FCR)

FCR is used in POPDEF/MCPOPDEF as the fraction of the Risk population who
‘ would have moved to the Host region at the end of a specified period, taken to
be three days. The movement would be either spontaneous evacuation during the
crisis or comtrolled relocation motivated by a Presidential declaration. The
PAM calculation groups the Risk population into three categories: (1) those
associated with organizations that are planned to relocate as units; (2) those
of the general public who would use their automobile or ride with someone having
an auto; and (3) those of the general public for whom transportation would need
to be provided. The effectiveness of the relocation movement differs for these

three groups, and so does their readiness to move.

The detailed rationale for the estimates of FCR will be found in Appendix
B. In brief, the expert panel judged that persons moving with organizations
would be limited to key workers and their dependents and that such organization
plans would be completely adequate at the completion of Program D Prime. This
group was estimated to comprise 12, 20, 35 percent* of the Risk population.

L]
*
‘ This convention is used to signify that the low estimate was 12 percent; the
I best estimate, 20 percent; and the high estimate, 35 percent.
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The estimate of those willing and able to relocate, given a Presidential
declaration, was 90, 93, 94 percent of those planned for organizational
relocation. If no Presidential order occurred, it was judged that only

5, 15, 35 percent would leave spontaneously.

That part of the general public that might travel by auto was estimated
to be 61, 69, 70 percent of the Risk population -- leaving 1l percent as the
best estimate of those requiring public transportation. A series of subordinate
estimates by the panel resulted in the calculation that, at the completion of
Program D Prime, 80, 88, 91 percent of the public with autos would try to relocate,
given a Presidential order. Lacking such an order, the panel judged that 21,
33, 45 percent in this group would relocate spontaneously -- about twice the

spontaneous evacuation rate estimated for the organizational population.

The willingness to relocate of those requiring public transportation was
judged the equal of the public at large but the capability to provide public
transportation at the completion of Program D Prime was estimated to range
from 64 to 92 percent, with a best estimate of 79 percent. Given a Presidential
declaration, the effectiveness of movement by public transport was estimated to
be 51, 70, 84 percent. Lacking a Presidential order, only about 10 percent of

this group was found likely to relocate spontaneously.

The fraction of the Risk population trying to relocate after a Presidential
order, given Program D Prime preparations, was found to be 90, 96, 97 percent.
The effectiveness of traffic management and road clearance capabilities, given
Program D Prime preparations, was still judged to dissuade or deter a substantial
fraction of those trying to relocate, so that the fraction relocating under
normal conditions was reduced to 68, 83, 90 percent. For use in POPDEF, the

key workers on duty in the Risk areas must be deducted, yielding a net relocation
ranging from 63 to 88 percent.




Two contingencies are then handled in the PAM model in terms of expected
values. The first is adverse weather in the form of snow and ice. The
gsecond contingency addresses the probability that an attack would occur at
about three days before the populat..n trying to evacuate the very large
cities could complete the operation. Consideration of these two contingencies
reduced the FCR for Program D Prime to 58, 77, 87 percent. Without a
Presidential order, spontaneous evacuation for Program D Prime was estimated
to be 16, 27, 40 percent.

Parallel estimates for the Paper Plans Only program option resulted in
calculations indicating that 21, 39, 58 percent of the Risk population would
be in the Host areas, given a Presidential order to relocate. Lacking a
Presidential declaration, it was judged that spontaneous evacuation would be
similar to that of the current program, which was estimated separately to be

10, 16, 22 percent.

Movement to Shelter (FS and FE)

The PAM model for warning and movement to shelter is a dynamic one since
the time interval between warning and attack is likely to be short. The model
considers one or more warning systems that provide an alerting signal plus a
confirming message over radio and TV. This warning is supplemented by alerting
efforts of the CD organization and the public itself. Measures are estimated
for the rate at which people are warned, decide to go to shelter, complete
preparations, and move. These measures are partly a function of the design of
the warning system and partly a function of the effectiveness of efforts to

prepare the public in the crisis period.

As they are warned and as they complete their preparations, some of the
people start to move to shelter and as they arrive they enter the shelters.
Some of the people decide not to go to shelter. When detonations occur, some
fraction are in shelter, another fraction is at random in residences, and a

third fraction is caught in the open enroute to the shelters. The location
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of the public is determined minute-by-minute by the convolution of three time

distributions. These locations ~- in shelter, in open, and at random in
residences -- are then compared with the time distribution of detonations in

the attack to determine FE and FS.

The detailed rationale for the estimates is given in Appendix C. 1In
brief, the calculations indicated that 83, 89, 95 percent of those assigned
to home basements would be warned and decide to go to the basement at the completion

of Program D Prime. Since people are assumed to be in the residential posture

and the time required to go to basements is short, FS is the complement of the
above estimates and no one assigned to home basements is caught in the open. Of
those assigned to public shelter, 81, 88, 95 percent are warned and decide to
move to shelter. When the time distributions of movement to shelter are compared
with three estimates (slow, medium, and fast) of attack dynamics, an additional

2 percent of those moving to shelter are caught at random before moving,in the
worst case; hence, FS becomes 5, 12, 21 percent. The estimates of the fraction

caught in the open enroute to shelter are 1, 3, 23 percent for Program D Prime.

Parallel calculations for the current capability found FS to be 20, 42, 58

percent for home basements and 29, 27, 66 percent for public shelter. FE for

g
:
3
f
k
3
H
5
3

public shelter was calculated to be 8, 12, 26 percent of those moving to shelter.
The estimates of FS for both programs are pertinent for the calculation of
direct-effects casualties. Because several hours of warning are available before
arrival of fallout in Host and Neither areas, FS was reduced to the 5 percent
judged unwilling to take shelter in any event,for the célculation of radiation

casualties in these areas.

Effectiveness of Improving Blast Posture (AMLOP, AMCOP)

The nature of this PAM calculation was explained as an example earlier on.
The detailed rationale for the estimates by the expert panel is given in Appendix
D. Estimates were made for five conditions: Risk areas in-place and after

relocation, Host areas in-place and after relocation, and Neither areas. The
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estimates of the fraction of those in public shelter actually in the
protective posture after completion of Program D Prime were highest for

the Risk population in place -- 48, 69, 94 percent. The effectiveness

in Host and Neither areas was judged somewhat less. The performance was
least (4, 8, 16 percent) for the stayputs in the Risk areas after reloca-
tion. The effectiveness of people in home basements in adopting the blast
protective posture was found to be about the same as for the public shelter

with an emergent leader (16, 35, 55 percent for the Risk areas in place).

The cowparable estimates for the current capability were based on
limited availability of shelter managers, limited shelter communications,
and lower relative effectiveness of managers and emergent leaders, which
led to estimates that 5, 13, 22 percent would be in the blast protective
posture in Risk area public shelters and 3, 9, 15 percent elsewhere. The
estimates for people in home basements were 1, 4, 9 percent in Risk areas

and 1, 3, 6 percent elsewhere.

Fire and Rescue Estimates (FF, FFSM, and FR)

In POPDEF, survivors in each shelter class are partitioned into those
trapped in debris and those not trapped. Those trapped must be rescued; if
not rescued, they become fatalities. Those not trapped survive in shelter
unless they become at risk from fires caused by detonations. In the PAM
model, buildings suffering a sustained fire are assumed to be consumed
and a proportionate number of people forced from shelters in buildings.
Thus, the fraction forced out of shelter because of fire (FF) is equal to
the fraction of buildings burned. Those not at risk (1 - FF) remain in
shelter. Those forced out of shelter may become fatalities in the fire
environment; hence, the survival fraction (FFS) is assessed only against
those forced from shelter (FF). Buildings are burned and people are forced
out of shelter over a considerable period of time after detonations occur.
The model provides for five generations of fires. The calculation of the
fraction of buildings on fire in the several fire generations is sensitive

to building characteristics, builtupness of the area, and proximity to the

detonation. Estimates were made for single-family dwellings and "large"
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buildings, for two degrees of builtupness and for three overpressure regions.
The results were weighted by the approximate fraction of survivors in each
condition.

The detailed rationale for the estimates is given in Appendix E.
Briefly, the assessment of low, best, and high values of the fire

characteristics, assumihg no fire countermeasures, was made by Ruth W.

Shnider in consultation with fire researchers. The estimates of the
effectiveness of fire preventiorn and fire suppression measures were made
by an operational advisory group. In general, fire prevention measures
during the crisis were found to be more productive in reducing FF than were
fire suppression efforts after attack. Both were more effective in the 2
to 5-psi region than in regions of higher overpressures. Estimates were
made for the Risk areas since most of the fire effects were in these areas,
but the estimates were intended to apply wherever detonations occurred.
Estimates of FF were 6, 12, 21 percent of those in home basements in the
in-place mode (slightly higher in the relocated mode), given completion
of Program D Prime. Comparable estimates for large building basements
were 3, 8, 17 percent in the in-place mode and 3, 11, 22 percent in the
relocated mode. Estimates of FFSM were near unity in all cases. The
calculations indicated that most people were forced from shelter in the
first hour or so after detonations; hence, the time used in POPDEF was

taken to be one hour (see Table 1).

The basis for estimating the fraction rescued was found to be virtually
non-existent. There are two distinct kinds of rescue operations: (1)
immediate rescue, and (2) reentry rescue. The PAM model was not used for
lack of data. Rather, it was assumed that immediate rescue would be
completely ineffective and that reentry rescue would be completely effec-
tive in rescuing those not lost by fire. Hence, FR was taken to be 1-FF.

To account for the fact that the trapped survivors would be located
primarily in the higher overpressure region of survival, the estimates

of FF for the highest overpressure region was used. Thus, in large building
basements, FF estimates of 9, 21, 37 in-place and 10, 25, 41 relocated were
used rather than the weighted values cited above. Since all rescue was
assumed to occur upon reentry, the time of rescue was estimated to be 48,
90, 120 hours.
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The calculations required to estimate FF and FFSM are not only complex
but also extensive because of the various conditions that are considered in
the model. Hence, only example calculations are included in Appendix E.
Calculations for the Current Capability Maintained were further truncated by
analyzing the changed estimates for one major shelter type in the 5 to 9-psi
region of heavy builtupness and applying the observed ratio to the Program D

Prime results in all other cases.

Effectiveness of Improving Fallout Posture (FPF)

The POPDEF input parameter FPF is the fraction of the surviving shelter
population that find and remain in the best-protected parts of the shelter
after fallout arrival. The calculation in the PAM model is similar to the
AMLOP example used in this section except that the opt¢ ~ation occurs after
attack and that radiation measurements play an important role in success. The
detailed rationale for the estimates is given in Appendix F. The results are
generally similar to those for the blast protective posture. After completion
of Program D Prime, the highest effectiveness is found in the Host areas after
relocation where 56, 80, 98 percent of the population in public shelters are in
the fallout protective posture and 9, 23, 54 percent of people in home basements
are in this condition. The lowest egtimates for Program D Prime are in the Risk
areas after relocation (1, 4, 12 percent in public shelter and 1, 5, 15 percent
in home basements). Results for the current capability are much reduced for
reasons similar to those discussed in connection with the blast protective
posture. The best estimate is about 20 percent in public shelters and 2

percent in home basements.

Effectiveness of Remedial Movement (FFR, FRR, etc.)

F(X)R, where the middle code letter defines the event requiring emergence
from shelter, is used in POPDEF to specify the fraction of the affected shelter

population that are afforded remedial radiological measures after emerging from

shelter. These measures could include transfer to another shelter in the
vicinity, decontamination of a housing facility and its surroundings, or

remedial evacuation from areas of high fallout hazard to areas of order-of-
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magnitude lower hazard. The PAM model calculations are based on the latter,

remedial movement, as the most generally applicable measure. In POPDEF, the
fractions defined by the estimates of FFR, FRR, etc., are assumed to be moved

r to an order-of-magnitude lower hazard area where an average PF 5 is available.
Since the calculation is actually made using the ERD at the place of sheltering,
a PF of 50 results. The remedial movement is assumed to require 4 hours in
vehicles providing a PF of 2. In the calculation of effective PF for use in the
radiation casualty estimation process, those not provided remedial radiological
measures (1 - FFR, etc.) are assumed to be housed at a PF of 5 in the vicinity
of the sheltering locationm.

LA g e T

In the PAM model, a remedial movement can be conducted (1) by organized
task forces from the low-hazard areas that bring "buses to the shelter door",
(2) by shelter managers using vehicles in the shelter vicinity with or without
guidance from D & C, and (3) by emergent shelter leaders in a similar fashion.
Radiation measurement capability and acquired knowledge of the fallout situation
over distances of 100 miles or more as well as ability to organize the movement

logistics play important roles in the calculation.

S R

The detailed rationale for the estimates of the effectiveness of remedial

movement is given in Appendix G. In brief, the expert panel concluded that the

S

likelihood of successful remedial movement would increase as the time after
attack increased because knowledge of the fallout situation and other conditions
would improve daily and the ability to organize would also improve. Hence,
estimates were made for four periods after attack: (1) within the first day --
those forced out by fire and those rescued immediately, (2) around two days after
attack -- those forced out by lack of drinking water and those rescued by
reentrant forces, (3) from 3 to 6 days after attack -- those forced out by lack
of sufficient ventilation, and (4) from 1 to 2 weeks after attack -- those

W GG, 3, DD oo Wy g

leaving shelter at the end of a nominal shelter stay. The panel also distinguished

-

v

‘ : the problem of remedial measures for those originating in damaged areas from the
K . problem for those originating in undamaged areas and were quite pessimistic about
' operations in damaged areas even a week or.so after attack. The PAM calculation
' ’ provides for estimates of the maximum fraction who could be relocated in good

weather and estimates of the effect of adverse weather.
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The estimates for the immediate period of less than one day were confined
to the damaged areas (FFR and FRR). Remedial movement from public shelters
with the population in-place was calculated to be 3, 13, 30 percent and from
home basements, 1, 5, 12 percent. In the relocated mode, remedial movement in
damaged areas was found to be negligible (zero except for &4 percent from public

shelters and 1 percent from home basements in the high estimate).

For the early period of about two days after attack, remedial movement
from public shelters in the damaged areas was found to be 8, 21, 40 percent in
the in-place mode and zero, 2, 4 percent in the relocated mode. Comparable
estimates for movement from home basements were 4, 11, 21 percent and zero, 1,
2 percent. In undamaged areas, remedial movement from public shelters was-
found to be successful for 42, 65, 84 percent in the in-place mode and 44, 64,
83 percent in the Host areas after relocation and in Neither areas. Comparable
results for remedial movement from home basements were 10, 22, 35 percent and
11, 22, 34 percent.

Estimates for the delayed period of from 3 to 6 days in damaged areas were

10, 22, 41 percent in the in-place mode and 1, 2, 5 percent in the relocated
mode for public shelters. In undamaged areas, the estimates were 56, 78, 91
percent in the in-place Host areas and 61, 87, 93 percent after relocation. 1In
undamaged Neither areas, the estimates were 50, 74, 91 percent. (People in home

basements are not forced out because of inadequate ventilation.)

In the emergence period, the calculations for damaged areas found remedial
movement from public shelters successful for 10, 22, 43 percent in the in-place
mode and 1, 2, 5 percent in the relocated mode. Comparable results for home
basements were 5, 13, 22 percent and zero, 1, 4 percent. In undamaged areas in
the in-place mode, the estimates were 56, 78, 91 percent from public shelters
and 20, 37, 60 percent from home basements. In the Host areas after relocation,
the estimates were 61, 82, 93 percent for remedial movement from public shelters
and 27, 50, 69 percent from home basements. In Neither areas, comparable

estimates were 50, 74, 91 percent and 14, 36, 59 percent.
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All of the foregoing estimates were made on the basis of complete

i deployment of Program D Prime. Estimates also were made for the current

capability in the in-place mode. The calculations for the immediate period

{‘ produced estimates of successful remedial movement in damaged areas of 1, 2,
9 percent from public shelters and 1, 2, 5 percent from home basements. In
the early period, comparable estimates were 1, 4, 12 percent and 1, 2, 5 percent;
in the delayed period, 1, 5, 12 percent from public shelters; in the emergence
period, 2, 5, 12 percent from public shelters and 1, 2, 4 percent from home
basements. In undamaged areas, the estimates for the early period were 2, 8,
16 percent from public shelters and the same from home basements; for the
delayed period, 4, 10, 13 percent from public shelters; for the emergence period,
4, 10, 13 percent.

The estimates summarized above for FCR, FS, FE, AMLOP, AMCOP, FF, FFSM, FR,
FPF, and F(X)R were made by means of the PAM model. Because input estimates
were made for numerous contributing elements, it was concluded that the normal
or "default" distribution between the resulting low and high estimates of the
POPDEF input parameters should be used in the MCPOPDEF version. The estimates
of other POPDEF input parameters were technical estimates for which estimates of
the probability distribution were often made. These estimates are discussed below.

Shelter Allocation (FA)

A key input parameter to POPDEF is the fraction of the population in Risk,
Host, and Neither areas assigned to the various shelter classes (FA). These
assignments can be determined by matching people to available shelter according
to priority-of-use rules unit-area by unit-area in the TENOS model and
aggregating the results for each region. However, geographic data on shelter
availability is limited to the current National Shelter Survey (NSS) inventory,
which 1s applicable directly only to the Current Capability Maintained program.
For Program D Prime, it was necessary to project the people-matching process to

program completion by using the current data base, estimates of the shelter to

.
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be produced by future surveys and shelter development plans, and the concept of
relative shelter availability. The detailed rationale for the resulting
¢ estimates is given in Appendix H.
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é For Program D Prime, low, best, and high estimates of FA for Risk, Host,
and Neither areas were made for two conditions: (1) the best estimate of
spontaneous evacuation in a crisis -- 27 percent, and (2) the best estimate

of ordered relocation — 77 percent. The FA estimates were projected from TENOS

é model calculations using the current NSS inventory matched to 1975 population
: at 10 percent and 80 percent evacuation levels and a TENOS calculation using
the current NSS inventory with below-ground space expanded by a factor of 1.85

and at the 10 percent evacuation level. These calculated results from the TENOS

unit-area model permitted estimates of FA for an expanded future shelter inventory

by use of the concept of relative shelter availability. In Risk areas, for
example, people-matching results were available for the situation in which 90
percent of the Risk population remained (10 percent evacuation) and for the
situation in which only 20 percent remained (80 percent evacuation). The fraction
assigned to the best shelter in the former case was lower than in the latter case
because there were far more people (4.5 times as many) competing for the

available shelter. The concept of relative shelter availability holds that
reducing the population competing for allocation to shelter by some factor
produces the same allocation as would be obtained by increasing the available
shelter for the original population by the same factor. Thus, the results obtained
for two evacuation assumptions are equivalent to results for two levels of shelter
availability. Wwhen combined with the one calculation in which the amount of the
best shelter was increased by a factor of 1.85, equations for FA as a function of

relative shelter availability were formulated for the best shelter classes.

Several adjustments were made in shelter availability for the Program D Prime
projections. First, all below-ground spaces in the NSS inventory are undercounted
because, rather than an allocation of 10 square feet (0.93 square meters) per
person, the spaces available have been reduced to account for ventilation limitatioms.

’ This is incompatible with POPDEF, in which people are forced out of shelter by
J. . inadequate ventilation, and with Program D Prime, which provides ventilation devices.

The adjustment factor is the factor of 1.85 referred to above. Second, the continued
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Host Area Survey in Program D Prime is expected to increase the shelter space
available in Host and Neither areas by a factor of 1.40, based on survey

results to date. Third, space in mines is estimated to be undercounted in
the current inventory by a factor of 7. Finally, it is possible to increase
shelter availability by reducing the current allotment of 10 square feet per

person to 6 square feet (0.56 square meters).

The Program D Prime "best" estimate of FA for the Risk population in-place
(27 percent spontaneous relocation) assumed that half of the planned key-worker
shelter was available, that the NSS inventory relative to population was not
increased by the all-effects survey of Program D Prime, that the ventilation
reduction was corrected, and that available public shelter was assigned at 6
square feet per person since no crisis shelter production is planned for Risk
areas in Program D Prime. Priority of use in Risk areas was on the basis of

best blast protection as revealed by the all-effects survey of Program D Prime.

In Host areas, the Program D Prime best estimate for the in-place mode
assumed that priority of use would be based on best fallout protection, that
the ventilation reduction was corrected, and that the host area survey was
completed. The population fraction for which shelter was unavailable was
assigned to the upgraded fallout shelter planned in Program D Prime. In Neither
areas, the best estimate assumes only the correction for the ventilation
reduction and production of upgraded fallout shelter for the small unassigned

population fraction. The resulting allocation is showm in Table H-4 of Appendix H.

In the relocated mode (77 percent relocation), the assignment in Risk Areas
assumed that all key workers were provided the shelter planned in Program D Prime
and that the remaining population would have the same CSP allocation as in the
in-place mode; that is, no advantage was taken of the reduced competition for
available shelter. The assumptions in the Host areas after relocation were the

same as for the in-place mode. The resulting allocation is shown in Table H-35
of Appendix H.
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The high estimates of FA for Program D Prime are modifications of the
best estimates to reflect a more optimistic view of the results of deployment

of Program D Prime. The changed assumptions were (1) that a resurvey of mine

space would increase its availability by a factor of 7, (2) that the Host Area
Survey would be conducted in the Neither areas as well, (3) that expedient

shelters would be constructed during the surge period in both Risk and Neither

areas, and (4) that home basements would not be used in Neither areas because

of the prospective high radiation levels. Because of the nature of these
assumptions, the expert panel judged that the high estimates of FA should be
chosen in only 5 percent of the MCPOPDEF runs. The resulting allocations are
shown in Tables H-6 and H-7 of Appendix H.

The low estimates for Program D Prime are identical to the best estimates

except that it was assumed that only 80 percent of the needed upgraded fallout

’ shelter was produced because of winter conditions. The expert panel judged that

the low estimates should be chosen in 20 percent of the runs. Coupled with the
assigmment of a probability of 5 percent to the high estimate, this judgment meant

that the best estimate would be chosen in 75 percent of the runms.

The expert panel prepared a single estimate of the shelter allocation for
the current capability, which was used in all MCPOPDEF runs. The estimate was
the result of a TENOS model calculation in which it was assumed that (1) people

with home basements used them rather than public shelter, (2) three-quarters of

the current NSS inventory was actually available for assignment in a crisis, and

(3) ten percent of those unassigned to shelter would upgrade the protection in

their residences on the basis of advice provided during the surge period. The
resulting allocation is shown in Table H-10 of Appendix H. Because the all-

effects survey of Program D Prime was not assumed, there are only five shelter

categories: (1) at random in residences, (2) home basements, (3) below-ground

NSS space, (4) above-ground NSS space, and (5) upgraded residences.
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Rated Shelter Characteristics

The Program D Prime shelter classes used in MCPOPDEF are based on
the blast-resistance categories shown in Table 5. Categories of similar
protective characteristics, such as B and C, are grouped together to form a
shelter class. The estimates of the POPDEF input parameters that define the

protective characteristics of each class are summarized in Table 6.

The estimates of the rated characteristics of the five shelter
categories ascribed to the current capability are summarized in Table 7.
The distributions used in MCPOPDEF for the variable estimates and the basis

for the estimates are described in Appendix I.

In addition to the shelter protective characteristics, Appendix I
documents the estimates of MLOP and MCOP for persons in the open. The estimates
were 2, 3, 6 psi for MLOP and 1, 2, 2 psi for MCOP.

Estimates of Entrapment (MTOP and FTU)

The rationale for the estimates of entrapment will be found in
Appendix J. The data on which to base such estimates are extremely sparse.
The analysis suggests that the ratio of those trapped to those killed is nearly
constant over the blast overpressure range of interest. Using a ratio of two-
thirds, estimates of the POPDEF input parameters MTOP and FTU are presented in
Appendix J. The estimates of MTOP are generalized into a single estimate of
0.88 MLOP for each shelter class. The estimate of FTU for each shelter class
is the last entry in Tables 6 and 7. The paucity of data did not permit

estimates of the range of uncertainty.

Lack of Water and Ventilation (FW and FV)

The basils for the estimates of the fractions forced out of shelter

because of lack of drinking water or adequate ventilation is presented in
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Table 5

RELATIVE BLAST PROTECTION CODES*

Description

Subway stations, tunnels, mines, and caves with large volume
relative to entrances.

Basements and sub-basements of massive (monumental) masonry
buildings.

Basements and sub-basements of large, fully engineered
structures having any floor system over the basement other
than wood, concrete flat plate, or band beam support.

Basements of wood frame and brick veneer structures including
residences.

First three stories of buildings with "strong" walls, less
than ten aboveground stories, and less than 50% apertures.

Fourth through ninth stories of buildings with "strong"
walls, less than ten aboveground stories, and less than
50% apertures. .

Basements and sub-basements of buildings with a flat plate
or band beam supported floor system over the basement.

First three stories of buildings with "strong" walls, less
than ten aboveground stories, and greater than 507 apertures,
or first three stories of buildings with "weak'" walls and
less than ten aboveground stories.

All aboveground stories of buildings having ten or more
stories. Fourth through ninth stories of buildings having
"weak" walls.

For the above description, load bearing walls are counsidered
as "weak" walls.

Taken from DCPA Attack Environment Manual, Chapter 2,
as revised November 1974.
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MLOP (Best)
(psi) (Low)
(High)

MCOP (Best)
(psi) (Low)
(digh) -

PF (Best)
(Low)
(High)

AMLOP' (Best)
(Low)
(High)

AMCOP' (Best)
(Low)
(High)

7
6
8

Belowground

NSS Space

-50-

Table 7

SHELTER CHARACTERISTICS FOR CURRENT CAPABILITY

Aboveground

NSS Space

5
3
7

Upgraded
Residences

5
3
7
2
2
2
50

50
50

0.06




A —— - _. . | v i . N | .-

=51~

Appendix K. Briefly, the availability of drinking water depends in part on

# whether blast effects occur that damage local water systems and tanks and
containers in the shelters. This level of blast effects is taken to be 4
psi. Above this level, all survivors are forced from shelter several days

after detonations except for the very strong Class Y key-worker shelters.

PR

At overpressures less than 4 psi, all persons in residences (At Random and
Home Basements) and in key-worker shelters are assumed to have sufficient

water (FW = 0). Half of the population in public shelters are judged to have

sufficient water in tanks or gravity-fed local water systems (FU = 0.5), unless

water containers are provided by the civil defense program for the remainder.

The ventilation problem is a seasonal one and exists only in belowground
shelter areas. Upgraded fallout shelters (Class XU) were judged to behave as
. if they were belowground. Unless ventilation devices are provided in the
civil defense program, all sheltered in belowground areas are forced from
shelter several days after attack except in Class Y key-worker shelters, which

were assumed to be provided with wventilatiom.

The time after detonation at which shelter leaving takes place has been

estimated by a climatological analysis summarized in Appendix K.




IV. INITIAL RESULTS AND EVALUATION

The MCPOPDEF version of the population defense model, together with the
estimates of the uncertainty in the POPDEF input parameters described in the
previous section, permits the assessment of the expected number of casualties
from hypothetical nuclear attacks and the variability in outcomes caused by
the estimated uncertainties. The distribution of outcomes also allows one

to attach confidence limits to the results.

As noted in the Limitations section of the Introduction to this report,
the use of means and confidence limits may give an illusion of unwarranted
precision. The population defense model (POPDEF) and the program analysis
model (PAM) are believed to be significant improvements in the means available
to assess the performance of civil defense programs and the survival of the
population under nuclear attack. Nonetheless, these models are incomplete in
some respects and are subject to further improvement in the future. The
Monte Carlo version of the population defense model cffers further improvement
in assessment methodology by allowing uncertainties of various kinds to be
accounted for in the evaluation of outcomes. MCPOPDEF is also incomplete in
this respect and undoubtedly will be improved further in the future. The
uncertainty estimates made by the expert panels provide an excellent initial
basis for the evaluation of potential program performances. Yet, many of the
estimates are based on limited knowledge and data. All should undergo critical
review; all offer a fertile field for research and operational data-gathering.
Therefore, the initial results presented in this section should be recognized
as a significant step forward in a difficult field of analysis but hardly the
ultimate prediction of survival under nuclear attack. In particular, the

initial results are most useful in assessing the relative performance of pro-

grams or program elements rather than indicating absolute performance.
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It should also be noted that exercise of the computer program since the

publication of the companion report referenced in the Introduction has disclosed
some input transcription errors and computational inaccuracies that have now
been corrected. Because of this, the preliminary results exhibited in the June
report tend to underestimate the survivors by a few percentage points for all
programs and attacks considered. The relative performances of programs, which
were based on the best estimates documented in the Appendices to this report,

are virtually unchanged.

Assumed Design-Level Attacks

The performances of the two civil defense programs described in Section III
~- Program D Prime and Pap2r Plans Only ~- were assessed for two hypothetical
nuclear attacks. Both are large-scale attacks aimed at military and urban-
industrial targets in the continental United States. Both employ surface
detonations and average October winds for determination of fallout levels in
the TENOS model. Attack A is based on a largely unMIRVed SALT-limited Soviet

threat that was used to generate the risk areas defined in DCPA TR-82*, It 1
places about 55 percent of the resident population in the direct-effects |
region of detonations. Attack B is substantially larger than Attack A and '

is based on a highly MIRVed Soviet threat. It places about 65 percent of

the resident population in the direct-effects region of detonations.

Attack environment matrices similar to that in Table 2 were produced
for the Risk, Host, and Neither areas defined in TR-82 by aggregation of the
TENOS model results at the unit-area level of detail. For each attack,

*
TR-82, High Risk Areas for Civil Preparedness Nuclear Defense Planning

Purposes, Defense Civil Preparedness Agency (April 1975).
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matrices were generated that took into account the amount of spontaneous
evacuation or ordered relocation attributed to the civil defense program

being assessed. For use in MCPOPDEF where FCR is a variable quantity between

P

the low and high estimates, the matrices were produced for the best estimate.
This adjustment affects only the distribution of the population with attack
1 . effects in Host areas.

L RO

The MCPOPDEF Results

The input and output formats for the MCPOPDEF computational program are
shown in Appendix A. The input information is in two parts. The first part
contains the attack environment matrices to be used in the calculation. These
matrices assume the best estimate of population relocation (FCR). The second

, part of the input defines the distribution of the POPDEF input variables for

the civil defense program being evaluated.

The results of the calculations are printed out in the form of summaries
1 for the total U.S. and for the Risk, Host, and Neither areas. A sample of the
national summary is shown in Table 8. Four tables are displayed. The upper
two show total survivors and those uninjured by fallout radiation among those

forced from shelter during each of the post-detonation events in the scenario.

The values in the tables are mean or expected survivors from the number of
Monte Carlo cycles performed (100 in this example) in millions of people.

The results at each stage of the scenario are exhibited separately for those
who are afforded remedial radiological measures upon shelter-leaving and for
those who are not. Within these categories, results are given separately for
those uninjured by direct weapons effects (MU) and those who have been injured

. (MI). These results are useful in the analysis of the potential contribution

to survival of changes in various elements of a candidate civil defense program.




‘ Table 8

EXAMPLE MCPOPDEF OUTPUT LISTING

TOTAL UNITED STATES POPULATION = 211.774

TOTAL SURVIVORS

REMEDIAL NON-REMEDIAL
MU M 1 M
Rescue .059 .038 .070 1.496
Fire .002 .002 .292 .162
Water 439 .002 .657 .051
Vent 744 .019 2.120 .568
Emergence 101.365 .157 44,358 5.754
SUBTOTAL 102.611 .217 47.498 8.032

RADTATION UNINJURED

REMEDIAL NON-REMEDIAL
MU MI MU MI
Rescue .056 .034 .054 1.074
Fire .002 .001 .189 .103 ]
Water .362 .001 471 .034
Vent .676 .018 1.655 .428 ;
Emergence 96.397 .138 36.784 4.366
SUBTOTAL 97.492 .192 39.153 6.005
ULTIMATE SURVIVORS f
MEAN STDV
NOT INJURED 136.645 6.563 1
BLAST INJURED 6.197 .768
RADIATION INJURED 13.463 1.664
BLAST RADIATION INJURED 2.052 .267 H
TOTAL 158.357 5.670
FATALITIES
’ MEAN STDV ‘
j, . BLAST 32.121 4.271
) RADIATION 20.905 3.063
' OTHER .391 .092

TOTAL 53.417 5.670
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The two lower tables summarize the results in terms of mean survivors
and fatalities and provide, in addition, a measure of the variability of the
results in the form of an estimate of the standard deviation (STDV) from the
mean of the individual outcomes of the Monte Carlo runs. Again, all tabulated
values are in millions of people. The number of survivors and the number of
fatalities add up, of course, to the total population and their standard
deviations are identical. The tabulation of means under "Ultimate Survivors"
is related to the two upper tables. Those not injured are the sum of the MU
columns in the "Radiation Uninjured" table. The blast injured are equal to
the sum of the MI columns in the same tabulation. The radiation injured
entry refers to those injured by radiation only and, hence, is equal to the
sum of the differences in the MU columns of the upper two tables. The entry
for those injured by both blast and radiation is equal to the sum of the
differences in the MI columns. The total ultimate survivors are equal to
the sum of the four columns of the uppermost tabulation.

By dividing any of tune population values in the output listing by the
population listed in the heading, the results can be converted to population
fractions and, multiplying by 100, to percent of the population. This
measure is often more useful than the population values themselves. In the
example of Table 8, the ultimate survivors comprise about 75 percent of the
population and of these, about 87 percent (two-thirds of the total population)
are uninjured. Although total survivorship has been the primary measure of
the effectiveness of candidate civil defense programs in the past, there is
strong justification for the choice of uninjured survivors as the main
criterion to the extent that postattack recovery prospects are an important
consideration. The proportion of uninjured survivors is a basic measure of
the potential postattack work force, which, in turn, has a major impact on
recovery capabilities. Injured survivors, on the other hand, represent a

pressing demand on the uninjured survivors that detracts from recovery efforts.
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Hence, the ratio of uninjured survivors to injured survivors is another
important measure of effectiveness for the evaluation of civil defense
programs and program elements. In Table 8, the results, which are for
Program D Prime in the relocated mode under the heavier attack, Attack B,

indicate an uninjured/injured survivor ratio of nearly 7 to 1.

The initial MCPOPDEF results for the two candidate programs, D Prime
and Paper Plans Only, under the two assumed attacks are presented in Table
9. Each program has been assessed under three conditions: (1) assuming no
Presidential relocation order (spontaneous evacuation only), (2) assuming a
Presidential order to relocate, and (3) a test case in which each program
is assessed at the relocation performance (FCR) of the other program. The
term, '"test case", is used here whenever one or more MCPOPDEF input parameter
distributions for a given program are adjusted arbitrarily to match those of
another program in order to evaluate the change in survival due to the
remaining differences in the two programs. It is important to distinguish
between programs and test cases since the latter are often not realizable

in terms of defined program elements and costs.

In Table 9, the survival outcomes (both total and uninjured) represent
the mean or average survival for 100 cycles plus or minus the standard
deviation from the mean of the individual cycle outcomes, all in percent of
the total population. The fraction of the Risk population that is assumed
to be relocated in the Host areas at the time of attack (FCR) is an important
variable contributing to survival. The estimated distribution for this
parameter is sampled in the Monte Carlo run; therefore, the mean FCR varies
somewhat from run to run and from the best estimate, as indicated in the table.
Where the best estimate is about midway between the low and high estimates, the
mean FCR is close to the best estimate. In the case of Program D Prime
Relocated (and, therefore, in Test Case 1, which is the Paper Plans Oanly program
arbitrarily set at the Program D Prime FCR), the best estimate (77 percent)
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is much closer to the high estimate (87 percent) than it 1is to the low
estimate (58 percent). Hence, the mean FCR is consistently lower than the

best estimate.

Relative Program Effectiveness

A preliminary evaluation of relative program effectiveness can be made

from the data on average survivors given in Table 9.

Compared to the current capability (Paper Plans Only in-place), Program D
Prime after relocation adds about one-third of the total population as survivors
under both attacks. Paper Plans Only after relocation adds about 8 percent
survivors under Attack A and 7 percent under Attack B. Comparing the two
relocation postures, Program D Prime adds four to five times as many survivors
as Paper Plans Only relative to the current capability. Alternatively, Program
D Prime after relocation saves 72 percent of those who would die under Attack A,
given the current capability; Paper Plans Only after relocation saves less than
18 percent of the fatalities. In the heavier Attack B, Program D Prime after
relocation saves about 57 percent of those who would otherwise be fatalities;

Paper Plans Only after relocation saves only about 12 percent.

It should also be noted that Program D Prime in-place (no Presidential
order) adds nearly twice as many survivors as Paper Plans Only after relocation
relative to the current capability under Attack A and about 2.6 times as
many under Attack B. This finding indicates that the elements of Program D
Prime other than those associated with crisis relocation play a major role in
increasing the number of survivors. A comparison of Test Case 1 (in which
the Paper Plans Only program is arbitrarily accorded the full relocation
effectiveness of Program D Prime) with Program D Prime in-place (spontaneous
evacuation only) confirms this conclusion since Program D Prime in-place is

nearly as effective as Test Case 1 under Attack A and more effective under
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Attack B. A comparison of Program D Prime after relocation with Test Case 1
(same amount of relocation in each) indicates that about half of the added
survivors for Program D Prime are the result of program elements other than

those contributing to successful relocation.

Similar comparisons among uninjured survivors generate similar conclusions.
In general, Program D Prime is relatively more effective in increasing the
uninjured survivors than it is in increasing total survivors. Therefore, the

ratio of uninjured survivors to the injured should be highest for Program D
Prime.

Assessment of Assured Performance

The foregoing discussion, which has been in terms of average survivors,
does not differ significantly in kind from casualty estimates based on single
or "point" estimates, such as the POPDEF best estimates or assessments made
by use of other casualty assessment models. The MCPOPDEF results have the
added feature of specifying the variability of outcomes, given estimates of
uncertainties in the input parameters. This variability is indicated by the
size of the standard deviations in Table 9. Since the distribution of outcomes
from repeated Monte Carlo samplings approximates the normal or Gaussian
distribution, the interpretation of the standard deviation is that about 68
percent of all outcomes will lie within one standard deviation above or below
the mean. On the other hand, about 16 percent of the outcomes will be higher
than the mean plus one standard deviation and about 16 percent will be lower
than the mean less one standard deviation. The variability of the mean itself
is related to the standard deviation. The standard deviation of the mean or
average value is equal to the standard deviation of the individual outcomes
divided by the square root of the number of cycles or outcomes. Since the
results in Table 9 were obtained by 100 cycle runs, the standard deviation of
the mean is one-tenth the standard deviation shown for the outcomes.
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By extension, the standard deviation can be used to derive other
confidence limits. The 68-percent confidence limits represented by the
standard deviation are not usually adequate in defense analyses. It is
more usual to specify the 95-percent confidence limits; that 1is, the bounds
between which 95 percent of the outcomes will be found. This is accomplished
by multiplying the standard deviation by the factor 1.96. The chances are
19 in 20 that any outcome will lie between limits established in this fashion.
There is one chance in 20 that a particular outcome will lie outside these
limits, distributed equally above and below; that is, there is only one chance
in 40 that an outcome would be lower than the lower limit at the 95-percent

confidence level.

One can thus address the question of assured survival levels in a rational
way. For example, in August 1977, Secretary of Defense Harold Brown requested

of his staff an analysis of civil defense options that could confidently save

at least one-half to two-thirds of the population, provided an attack were

preceded by a 1-2 week crisis buildup or "surge" period. At the time, there
was no assessment methodology available that could address the Secretary's
request in the sense of establishing confidence limits. The initial results
in Table 9 can be used for this purpose. If one multiplies the standard
deviation shown by 1.96 and subtracts the result from the mean, one obtains

a lower bound on effectiveness that would be exceeded in 39 of 40 cases; that
is, there is only one chance in 40 that the survival outcome from the Mﬁnte
Carlo calculation would be less than this survival level. To the extent that
the uncertainty estimates of Section III are reasonable, this confidence bound

would seem to satisfy the Secretary's request.

The results are displayed in Figure 2. The survival criterion of the
Secretary of Defenge is shown as a shaded band between 50 percent and 67 percent
survivors. The assured survivors as computed above are shown as vertical bars
for Paper Plans Only and Program D Prime, both in-place and after relocation.
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It can be seen that the Paper Plans Only option intersects the criterion

band only for Attack A and only if a Presidential relocation order occurs.
On the other hand, Program D Prime satisfies the criterion for both attacks
and in both in-place and relocated modes. (It was Program D Prime that the
Secretary of Defense later recommended to the President, according to

published reports.)

Effectiveness Analysis

Both of the candidate programs being considered here (Program D Prime and

Paper Plans Only) feature relocation of the Risk population during a crisis
(surge) period as the primary measure for achieving substantial population
survival. The essential difference between the two programs is that Paper
Plans Only, as the program identifier suggests, is a low-budget addition to
the current civil defense capability to produce the essential plans for crisis
relocation whereas Program D Prime is designed to produce a high-confidence
relocation capability and to provide the shelter protection, operational
capabilities, and survivable direction and control apparatus necessary to
exploit fully the relocation potential. (Program D Prime also provides some
improvement to the in-place posture in the form of an all-effects shelter survey,
operational plans and exercises, and trained shelter personnel.) In view of
the importance attached to crisis relocation in both programs, as well as the
substantial cost increments associated with the Program D Prime added
capabilities, it is useful to relate the survival outcomes to the predicted

relocation effectiveness. The information in Table 9 for total survivors and

mean FCR has been used to prepare Figure 3. The performance of each'program

in the in-place and relocated modes, as well as Test Case 1, is shown as a
vertical bar located at the mean FCR. The thin bar shows the 95-percent
confidence interval obtained by multiplying the standard deviation by 1.96.

The lower "feet" of these bars were those used in Figure 2 to indicate
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assured survival levels. The vertical dimension of the thick central bar

represents the 95-percent confidence interval for the mean or average percent

- ; survivors. The results for Attack A are shown in the upper chart; those for

gy

Attack B in the lower chart. (Test Case 2 has been omitted for clarity

although the data were used in estimating the trend line.)

' Two trend lines representing the locus of mean or expected survival are
, shown in each chart, the upper one for Program D Prime and the lower for
Paper Plans Only. The solid portion of each line represents the extent of
potential real performance and extends from the low estimate of spontaneous
evacuation to the high estimate of relocation following a Presidential
directive. The dashed lines are extensions of the trend lines beyond the
range of real performance. The terminations of the trend lines at zero and
100-percent relocation were obtained by assigning to the resident population
on the one hand and a fully-relocated population on the other the average
survival ratio in Risk and Host areas for the least and greatest FCRs

respeetively.

It can be seen that the trend line of expected percent survivors for

Program D Prime lies well above that of Paper Plans Only; that is, Program D

Prime provides substantially increased survival at any level of relocation.

This increase, the vertical distance between the trend lines, is attributable

to the sheltering and other elements of Program D Prime not involved in the

effectiveness of crisis relocation. Note that the Paper Plans Only trend line

has a pronounced.curvature, with decreasing incremental survival as the percent

of the Risk population relocated increases. This behavior is attributable

mainly to the failure to provide adequate fallout shelter for eQacuees in the

Host areas as well as the lack of RADEF and other support to limit fallout radiation

fatalities. Many of those successfully relocated in the Paper Plans Only

program succumb to fallout radiation. The Program D Prime trend line, on the 4 if
), other hand, is nearly a straight line, indicating that these program elements ’(J§ =

sare nearlv sufficient to '"'make good" the survival potential of crisis relocatiq/”

g>
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In the "in-place mode" at the left-hand margin of the charts in Figure

3, Program D Prime adds about 12 percent of the total population as survivors
over Paper Plans Only in Attack A; about 15 percent in Attack B. This

s difference is attributable to the all-effects shelter survey and consequent
CSPs in the Risk areas in which about two-thirds of the population reside, and
to the training of shelter managers, shelter monitors, and other civil defense
personnel, exercising of the organization, and so on. At the other margin,
the region of highly-effective crisis relocation, the advantage of Program D
Prime is greater -~ about 20 percent added survivors in Attack A and about
22 percent in Attack B -~ because of the investment in fallout protection and

operational capabilities in the fallout environment.

Although overall survival is less under the heavier Attack B than under
Attack A, the advantage of Program D Prime is greater because it tends to
. degrade more gracefully than Paper Plans Only.

The MCPOPDEF initial results for uninjured survivors are presented in/
Figure 4 in a manner similar to that for total survivors in Figure 3. The
discussion concerning total survivors applies to these results as well.
However, the margin of superiority for Program D Prime has increased,

s especially in the region of high effectiveness of relocation. The relative

effectiveness of the two programs in this regard is best represented by the
ratio of uninjured survivors to injured survivors, an important consideration
in postattack reconstitution and recovery. This comparison is shown in Figure
5, in which only the mean or expected values of the ratio are indicated for

the two programs, in-place and relocated, and the two test cases. The contrast
in performance is most dramatic for Attack A but substantial also under Attack
B. The ratio is relatively constant for the Paper Plans Only option but shows
i an increasing increment with the fraction of the Risk population relocated for

Program D Prime.




S0 80 90 100
PERCENT RELOCATI’ON (FCR)

loo

[~
1=

3

d
g 60
a 30
£
:':‘: 40
-
30
20
10
o
0 40 S0 60 80 90 100
PERCENT RELOCATION (FcR)
Legend
CCM Curren, Capabilit
952 conp, INTERvAL Maintained (PPo In-Place)
OF ouTcoues PPo aper Plans Onl
Re Ocated) ;
TC1 Tegt Case ;
== 952 conrpy
LOCUS oF NEAN .‘IWVAL ONNC”:AN DIP Program D Primﬁ /
( In~P1ace)
f DRE Program D Prime
1T -
:gmlg:m?i' . l‘“ TEAN Py (Relocated)
- FCR Frac tion Reloca ted
- N




RATIO OF UNINJURED TO INJURED

RATIO OF UNINJURED TO INJURED

==~ =—--~ Extended Tren

O OF UNINJURED TO INJURED
RELOCATION EFFECTIVENESS

FIGURE 5 RATI
SURVIVORS vs,

7
16 P ATTACK A .
7
14 -
12 -
10 D?“‘“E
PROC
8
6 - .
‘—l—
§ SIS & aeEw & .
‘“r PAPER PLANS ONLY ,—.—ud-—
_.”h
! 1 1 I | { | | )

10 20 30 40 50 60 70 80

PERCENT RELOCATION

\
p PRIM
PROCRAM

+ oo '

PAPER PLANS ONLY * e ¢ o ¢ s + e & o ¢ —
—.—P*

1 1 I
40 30 60
PERCENT RELOCATION

10 20 30 10 50 90

Legend

A

Note: Scale of ordinate
for Attack A 1s twice
that of Attack B

Datum (Mean)
Region of Rea

1 Performance
d Line




-70-

Effectiveness and Cost

The foregoing discussion of relative effectiveness in reducing fatalities

and injuries neglects the factor of program cost. To some extent, the emphasis
on effectiveness is warranted, since program options that promise to do little
to alter the status quo may be of little interest regardless of the anticipated
cost. Also, MCPOPDEF and its supporting methodology is concerned with
estimating the probable effectiveness of candidate civil defense programs and,
more especlally, that of program elements for the purpose of improving program
design for a given cost. Nonetheless, the superior effectiveness of Program D
Prime can be acquired only by tripling the current Federal expenditures over

a seven-year period; say, from approximately $100 million a year to $300 million
annually on the average, neglecting inflation. The latter figure is not a large
outlay in comparison with other defense expenditures nor is it comparable to

the cost of more ambitious civil defense options that have been undertaken by
some other nations and that have proponents in this country. The Paper Plans
Only option, on the other hand, requires a very modest increase in the current
civil defense budget, perhaps a 25 percent real increase. Thus, the cost-

effectiveness comparisons should be examined.

The essential relationships are presented in Figure 6. The upper chart
displays the mean (average or expected) total and uninjured percent survivors
as determined from the initial MCPOPDEF runs. The left-hand bar shows the
results for Attack A; the right-hand, those for Attack B. The bars for each
program are centered on the estimated 7-year program costs, which are discussed
later on. These costs are $640 million to maintain the current capability
(CCM), $790 million to maintain the current capability and add paper plans
for crisis relocation (PPO), and $1,920 million to deploy Program D Prime.

The top of each bar indicates the expected total survivors and the unshaded
portion indicates the expected uninjured survivors. The effectiveness
estimates for PPO assume a Presidential order to relocate the Risk population;

hence, Program D Prime is presented under the same assumption (DRE). If no
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FIGURE 6 EFFECTIVENESS VS. COST
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Presidential directive is assumed, the performance of PPO becomes the same
as CCM because the paper plans would not be implemented although the added
costs would have been incurred. To aid in visualizing this contingency, the
expected effectiveness of Program D Prime with only spontaneous evacuation
(DIP) has been inserted into the DRE bars with the injured fraction indicated
by crossed lines.

The lower chart in Figure 6 corresponds to the upper chart with the
assured survivors at the 95 percent confidence level substituted for the
expected values. The top of each bar indicates the same effectiveness as
in Figure 2 and Secretary Brown's criterion applies. Thus, the lower chart

speaks to "assured survival" relative to program cost.

Another figure of merit that has been used in the past is "cost per added
survivor”. Referring to the lower chart, it can be seen that the Paper Plans
Only option (PPO) adds from 4 to 5 percent of the population as assured
survivors over Current Capability Maintained (CCM). This amounts to saving
about 10 million persons, which is achieved, given a Presidential directive,
at an incremental cost of $150 million ($790 million less $640 million).
Thus, the cost per added survivor for PPO is about $15. Program D Prime,
under the same assumption, adds 73 to 76 million assured survivors under both
attacks at an incremental cost of $1,280 million. The cost per survivor is
$17.00. There is little to choose between the two programs in this respect
and relative effectiveness or some criterion of assured survival would appear

to be the major decision-making factor.

Preliminary Program Analysis

As noted above, MCPOPDEF and its supporting methodology -- POPDEF and PAM
-=- have been developed as a quantitative approach to detailed program design.

It is possible to estimate the expected payoff of individual program elements

within the context of an overall program design; that is, to answer questions
such as "How many lives does an EOC save?" and then to compare the program
element cost/effectiveness ratio with those of other elements and that of the
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program as a whole. The contribution of the various elements can be ranked

as a basis for changes in program design to maximize expected or assured
performance for a given program cost. Candidate elements not included
initially in a program design can be introduced for consideration. Internal
balances among expenditures for recruitment and training of personnel, hardware,
and operational planning can be sought by use of the Program Analysis Model
(PAM) to ascertain the probable changes in the MCPOPDEF input distributionms.
Relationships among program elements can be assessed to arrive at balanced
"program packages'" designed to deal with some aspect of the attack environment.
These potential uses of the methodology have not yet been applied. However, a
"program package” analysis of Program D Prime as currently defined has been

accomplished.

The program elements in Program D Prime and their 7-year costs in
constant 1978 dollars are shown in Table 10. The last two program elements,
Management and Research and Development, provide general support and are
classed as indirect costs to be allocated to the program packages in proportion
to their costs. The costs shown are based on an internal DCPA planning
document dated April 27, 1979. The ten program elements constituting direct
costs have been assembled into five program packages for the purpose of this
analysis. The five packages and their costs are presented in Table 1l.

The purpose of packaging the D Prime program elements in this fashion is
to allow estimates of how program performance in terms of reduced fatalities
and injuries would change if the various packages were to be added to the
current civil defense program in various combinations. For example, Package
A 1is the Paper Plans Only option analyzed earlier on. Its effectiveness when
added to the Current Capability Maintained (CCM) already has been estimated
as PPO. The gross cost of the Paper Plans package is $272 million, arrived
at as follows:
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Table 10

PROGRAM D PRIME ELEMENTS AND COSTS

Program Element

Shelter Surveys

NCP Planning (CSP, CRP, CRSP)
Shelter Development Planning
Shelter Marking and Stocking
Shelter Management Training

Warning

Emergency Operating Centers

D&C Training and Exercising

RADEF

Emergency Public Information and EBS
Management

Research and Development

Total Program

Indirect Costs

Management
R&D

Total Indirect Costs

Total Direct Costs

7-Year Cost (1978 Dollars)

(millions)
$§ 74

195
77
196
37
74

46
93
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Table 11

PROGRAM D PRIME PACKAGES

Program Package Costs (Millioms) 3

A. Paper Plans l
1/2 NCP Planning $ 98
1/2 Shelter Surveys 37
1/4 EP1/EBS 42
Indirect Cost 95
Total Package A § 272

B. Relocation Effectiveness

1/4 EOCs $ 72
D&C Training and Exercising 46
NCP Training and Exercising (30%) 58
3/4 EPI/EBS 124
Indirect Cost 161

Total Package B $ 461

C. Sheltering and Warning

. NCP Planning (20%) $ 39
: Shelter Development Planning 77
; 1/2 Shelter Surveys 37
% Warning 74
f Indirect Cost 122
{ Total Package C $ 349
2
% D. Attack Operations
£
% 3/4 EOCs $ 218
L RADEF 93
| i Shelter Management 37
{: Indirect Cost 187
; Total Package D $ 535

E. Shelter Stocks

[ b !
¥ Shelter Marking and Stocking $ 196
l k’ Indirect Costs : 105
- -
¥
s Total Package E $ 301
TOTAL ALL PACKAGES $1,918

LI *‘x
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The preparation of crisis relocation plans for the various conglomerates
of Risk and Host areas 1s estimated to require one-half of the NCP planning
effort (item 2 in Table 10). These plans must be based on completion of the
Host Area Survey, which constitutes half of the cost of the shelter surveys
element (item 1 in Table 10). To inform the population of the relocation
plans in a rudimentary way is estimated to cost about one-fourth of item 10
in Table 10. These costs plus the proportionate share of the indirect costs

~ constitute the Package A cost.

Package B is intended to add those elements of Program D Prime that
contribute to a high-confidence crisis relocation capability. To achieve
this goal, the Direction and Control (D&C) element would be required (item
8 in Table 10). Moreover, the detailed development of operational plans for
relocation and the exercising activities included in item 2 of Table 10 would
be needed. This is estimated to constitute 30 percent of the element cost.
Emergency Operating Centers and their communication capabilities would be
needed but, since crisis relocation is a preattack activity, the survivability
aspects of EOCs, which dominate the costs, would not contribute. Hence, only
one-quarter of the cost of item 7 of Table 10 is assigned here; the remainder
is attributed to Package D. Finally, the remainder of the Emergency Public

Information element cost is charged to Package B.

It should be noted that Package B is linked to Package A. It would make
no sense to deploy Package B in the absence of Package A. Hence, in the
analysis, Package B will be added to CCM only in conjunction with Package A.
When Packages A and B are added to CCM, the effectiveness of crisis relocation
(FCR) should be the same as estimated for Program D Prime. But this is Test
Case 1 of the earlier analysis. Therefore, the effectiveness attributed to
Test Case 1 will be used for the case where only Packages A and B are added to
the current capability.
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Package C has to do with improved protection against weapon effects.
If it were added to CCM by itself, it would substitute the Program D Prime
shelter classes for those of CCM, inclu&ing the provision of upgraded fallout
shelter (Class XU) in Host Areas and key-worker shelters (Class Y) in Risk
areas. Further, the D Prime shelter assignments (FA) would apply. Finally,
to take advantage of the better sheltering capability, the D Prime values of
FS (fraction of stay-puts) and FE (fraction caught in the open) would be
substituted for those of CCM. To accomplish these improvements would require
the remainder of the NCP planning element (20 percent) to produce up-to-date
CSPs, the remaining half of the shelter surveys element for the all-effects
shelter survey, all of the shelter development planning element and all of

the warning element (items 3 and 6 of Table 10).

Package D is intended to provide the Program D Prime capabilities for
operations that would reduce fatalities and injuries in the attack
environment. If added to the current capability by itself, it would
substitute the D Prime estimates for AMLOP, AMCOP, FPF, FF, FR, FFS, and all
of the remedial measures inputs -- FFR, FRR, etc. To accomplish this improve-
ment would require the survivability aspects of Emergency Operating Centers
(75 percent of item 7 in Table 10) and all of the RADEF and shelter
management training elements (items 5 and 9 in Table 10).

Finally, Package E consists of the marking and stocking element (item
4 in Table 10). The operational significance would consist of changes in
the fraction forced out by lack of water or ventilation (FW and FV) in Host
areas. (Shelter marking is not treated currently in PAM but constitutes only
a very small fraction of the element cost.) It would make no sense to deploy
Package E except in conjunction with Package C since nearly all of the
procurement is to be employed in the upgraded fallout shelters provided by
Package C. Hence, Package E will be linked to Package C.
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It will be noted in Table 11 that the gross cost of Package D is the

highest, that of Package B, next highest. Package A has the lowest gross

1 . cost, Package E, the second lowest. It is also of interest that the gross

; cost of Packages A and B, $733 million, accounts for about 40 percent of the
total cost of Program D Prime. The estimated effectiveness would be that of
Test Case 1, which produces about 60 percent of the total survivors and 50
percent of the uninjured survivors produced by Program D Prime under Attack A

1 but only about 40 percent of total survivors and 30 percent of uninjured
survivors of D Prime under Attack B (Figures 3 and 4). Thus, in a crude sense,
the gross costs of the relocation packages of Program D Prime seem to be in

approximate balance with the sheltering and attack operations packages.

For present purposes, however, the gross costs of the five packages are
not of direct interest since they are to be added to the Current Capability

Maintained, which also provides some investment in the same capabilities. The

net cost of Program D Prime over maintenance of the current capability is about
$1,280 millions. To obtain the net cost of the five packages, an analysis was
made of the FY 1979 civil defense budget with the results shown in Table 12.

The allocations attributed to CCM, when subtracted from the gross package costs,
result in lower net package costs for all packages except Package E. (There is
no procurement of stocks in the current program.) The net package costs were
then rounded for use in the analysis. In the process, the gross cost of

Program D Prime was rounded to $1,920 millions,.

The results of the package analysis in terms of total survivors are shown
in the upper chart of Figure 7. The results in terms of uninjured survivors
are shown in the lower chart. Only mean or expected survivors are shown for
each combination of packages. The most cost-effective combinations are
connected by solid lines. These have a slope of steepest ascent. The nearest
competitor is shown by a dashed line for the first three decision points.




]
3 W 08z ‘1§ W 8LZ°T$ H 0%9$ R 8T6°T$ STV10L
| 23 By
~
. !
E .

: H 00€ H 10€ - R 10¢ a
- N 00€ W S67 W 0% W SES a
L
P R 067 H 682 W 09 W 6YE

R 0%C 8 T4 R 022 W 19%
| ROST § K ZsT ¢ W 0zT1$ Rz §
: 31807 popunoy 3s0) 319N uotr3Ied011v WID 380) 55019

SIOMIOVd FAWI¥d d WV¥D0dd A0 S1S0D 1AN

i
3
1
i 71 @198}
3
m
2
l.u
.2
3 )
o . A@‘v . - s fip ) T = . ; z - Yo e WY .ﬂé&r},
g e B N e P .




AD=AC81 561

UNCLASSIFIED

CENTER FOR PLANNING AND RESEARCH INC PALO ALYO CALIF F/6 1%/8
MONTE CARLO POPULATION DEFENSE MODEL: INITIAL RESULTS. (V)
AUG 79 W E STROPE» J F DEVANEY: F KIERCORT DCPAO1~T77=C~0223

NL




- -80-

FIGURE 7 PROGRAM D PRIME PACKAGE EFFECTIVENESS VS. COST
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’ The analysis begins with the Current Capability Maintained (CCM) at a

cost of $0.64 billion. The most cost-effective addition to CCM is Package A,
the Paper Relocation Plans option. This is true for both attacks and both
measures of effectiveness. The next best choice is Package C, the Sheltering
and Warning package, which has comparable total survivors and more uninjured
survivors than Package A but costs reiatively more. When two packages are
added to CCM, Package A is included in the two best choices. For Attack
A, the preferable second package is Package B, the Relocation Effectiveness
package. For the heavier attack, it is better to add the Sheltering and
Warning package to Paper Plans Only, even though the combination costs somewhat

more. The other two-package combinations are not competitive.

: At the next stage, the three-package combination of Packages A, B, and C y
(full relocation plus sheltering and warning) is clearly superior to its h
nearest competitor, so much so that only one four-package combination need be

shown. The latter combination consists of all but Package E, Shelter Stocks.

In terms of total survivors (upper chart), the three-package combination (CCM :
plus Packages A, B, and C) achieves most of the performance attributed to :
Program D Prime. However, the increase in uninjured survivors (lower chart)
achieved by adding Package D, Attack Operations, and Package E, Shelter Stocks,
is quite substantial. Thus, if the composition of Program D Prime were to be é
judged purely on the basis of total survival, one might be tempted to eliminate :
the shelter stocks and, possibly, the attack operations capabilities to create %
a less~costly program with most of the performance of Program D Prime. The :
reduction in uninjured survivors caused by this truncation of Program D Prime

would be a cause for concern, since postattack recovery 1is known to depend

strongly on the size of the effective work force.

The significance of this measure is highlighted in Figure 8, in which the

ratio of uninjured to injured survivors is plotted for the most cost-effective

¢

j. . combinations of Figure 7. This ratio is an important measure of program
1) .
]
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FIGURE 8 UNINJURED TO YNJURED RATIOS
FOR PROGRAM D PRIME PACKAGES

Ratio of Uninjured to Injured Survivors

Attack A

Attack B

ccuM

0 1 1 1 1 1 ] 1 | 1
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
7-Year Cost, Billions of Dollars

LEGEND

2

Current Capability Maintained
- Paper Relocation Plans

- Relocation Effectiveness
Sheltering and Warning

- Attack Operations

- Shelter Stocks

Program D Prime Relocated

n Ratio
Packages

Added to CCM

OmMmoOOwW>» O
]

b
3
]




Kot R ]

effectiveness, since the injured survivors place a demand on the uninjured

survivors that detracts from recovery capabilities. It can be seen that
Packages D and E make a major contribufion to the prospects for postattack
recovery —— nearly doubling the ratio of uninjured to injured -- although
their contribution to total survival is quite modest. This finding has other
implications. The major effect of Packages D and E is to reduce markedly the
number of people suffering radiation sickness. Therefore, these packages
also surely contribute to the reduction of the long-term consequences of
radiation exposure among the "uninjured" survivors —- late~appearing cancers,
life-shortening, lowering of resistance to disease, and genetic effects in
future generations -- effects that are not measured directly by the casualty

estimating procedure.

It can be concluded from this analysis that Program D Prime is a well-
designed and well-balanced civil defense program when all of the pertinent
measures of effectiveness are congidered. The high-confidence crisis
relocation capability, coupled with the sheltering and warning measures, can
be expected to provide a relatively high level of survival, while the attack
operations capabilities and shelter stocks not only add to survival but also

assure that most of the survivors are uninjured and capable of contributing

to reconstitution of the society and ultimate national recovery.
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V. CONCLUSIONS AND RECOMMENDATIONS 4

Summary

A methodology has been presented that allows the introduction of ranges
of uncertainty into the assessment of casualties resulting from hypothetical
nuclear attacks. The computational procedure employs a Monte Carlo sampling
model connected to a casualty assessment technique called the Population
Defense Model (POPDEF). There are some 30 input parameters in POPDEF for
which estimates of the ranges of uncertainty and probability distributions
are needed for use in the Monte Carlo calculations. Based on these distributions,
the Monte Carlo Population Defense Model (MCPOPDEF) selects a value at random

3 for each variable subject to uncertainty. These values are then used in the
POPDEF model to assess fatalities and injuries. After 100 such estimates are
obtained, means and standard deviations of the sample outputs are calculated.

The model has been implemented at the DCPA Computer Facility.

The initial results reported here are based on estimates of ranges of

uncertainty made by expert panels of DCPA staff members and consultants.

These estimates are believed to represent an excellent initial basis for the
evaluation of the potential performance of civil defense programs. Means and
confidence limits are presented for two civil defense program options in terms
of total survivors, uninjured survivors, and the ratio of uninjured to injured
survivors under two hypothetical nuclear attacks against military and urban-
industrial targets. Further, the components of the more effective option are

evaluated for their contributions to survival relative to cost.

o Conclusions

1. The Monte Carlo Population Defense Model as presently constituted

is an effective procedure for accounting for technical and operational
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uncertainties in the relative performance of civil defense programs and program
elements. Although there is some risk that the use of means and confidence
limits may give an unwarranted illusion of precision in casualty estimation,

{ the method offers significant advantages in the evaluation of performance under

uncertainty.

2. The Program Analysis Model used by the expert panels is an effective
means of converting detailed program data and behavioral estimates into casualty
assessment factors. Low, best, and high estimates made at a level of great
detail, as demonstrated in the Appendices, led invariably to intuitively
reasonable estimates of the POPDEF input parameters and their variability.

3. The panel estimate of the fraction of the Risk population that would
be relocated in a crisis (77 percent) confirms the planning factor (80 percent)
in common use but the range of uncertainty was judged to be large (58 percent

’ to 87 percent). On the other hand, the current planning factor for spontaneous
evacuation in a crisis (10 percent) is at the low end of a range estimated to

extend to a high of 40 percent of the Risk population.

4. Paper relocation plans without detailed operational plans backed by

organizational exercises are estimated to be only half as effective (39 percemnt

relocated) as the full program (77 percent). The uncertainty in the response
3 to "paper plans only" ranges from a low of 21 percent relocated to a high of

58 percent.

5. Program D Prime in the relocated mode is estimated to provide a
mean survival rate of about 75 to 85 percent of the U.S. population under

large-scale nuclear attacks directed against military and urban-industrial

; targets. The 95-percent confidence bounds on this performance are 6 to 8

per ent of the mean values, given the estimated ranges of uncertainty in
the agsegsment factors. On the average, 86 to 93 percent of the Program D
Prime survivors are assessed as uninjured survivors, yielding 6 to 12

uninjured survivors for each injured survivor.
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6. If "assured survivors'" are defined as those having only one chance
in 40 of becoming a fatality given the uncertainty estimates, Program D Prime
is estimated to achieve 70 to 80 percent assured survival of the U.S. .
population under large-scale nuclear attacks directed at military and urban-
industrial targets.

7. The current civil defense capability is estimated to provide a
mean survival rate of about 40 to 53 percent of the U.S. population under
large-scale nuclear attacks directed against military and urban~industrial
targets. Relative to the current capability, Program D Prime after relocation
adds about one-third of the U.S. population as expected survivors or about

60 to 75 percent of those who would otherwise die.

8. The most cost-effective element of Program D Prime that could be
added to the current capability is the preparation of basic crisis relocation
plans. However, "paper plans only" does little to alter the status quo,
adding only about 7 to 8 percent of the U.S. population as expected survivors.
Assured survivors at the 95-percent confidence level remain less than 50
percent except for the lightest attack studied where they amounted to 53

percent of the U.S. population, given a Presidential order to relocate.

9. The high-confidence crisis relocation capability of Program D Prime
coupled with its sheltering and warning measures, which represent about 70
percent of the cost of the program, are estimated to yield about 90 percent
of the total survivors attributed to Program D Prime but only about 85 percent
of the uninjured survivors. Hence, the ratio of uninjured to injured survivors
is only about half that achieved by the full program. The remaining elements
of Program D Prime not only add to overall survival but also assure that most
of the survivors are uninjured and capable of contributing to reconstitution

and recovery.

10. Program D Prime appears to be a well-designed and well-balanced civil
defense program when all of the pertinent measures of effectiveness are

considered.
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Recommendations

1. The Monte Carlo Population Defense Model as currently implemented

should be used for agency studies and program design.

2. Efforts should be continued to improve the casualty assessment

procedures and to incorporate ranges of uncertainty for all input parameters.

3. The initial estimates of uncertainty reported here should be
Studies should

be undertaken of the semsitivity of survival outcomes to suggested changes.

subjected to critical review and improved estimates obtained.

4, The methodology should be employed as a basis for defining research
requirements in areas of critical importance where lack of knowledge or

applicable data contribute to uncertainty in program performance.

5. Consideration should be given to expanding the methodology to
account directly for the survival of facilities, communications, and equipment

as well as people.

6. Consideration should be given to expanding the methodology to

incorporate uncertainties in attack characteristics into the Monte Carlo

procedure.
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Appendix A

MCPOPDEF USER'S GUIDE

This Appendix conmstitutes a user's guide for the Monte Carlo version of the
population defense model (POPDEF). In fact, since both the POPDEF and MCPOPDEF

models have been implemented in a single computer program, this user's guide is
applicable to both models. The following four sections contain an overview
description of the MCPOPDEF model, a description of MCPOPDEF/POPDEF input
quantities, a description of the output produced when the model is run in the
MCPOPDEF mode, and a listing of the computer program source code.

MODEL OVERVIEW

Many of the input variables to the POPDEF model are subject to uncertainty.
The MCPOPDEF model was written to enable the user to define probability
distributions for each of these variables and determine the resulting mean values
and standard deviations for the model output quantities used to express Civil

Defepée program effectiveness (e.g., total survivors).

The model operates as follows. Once the probability distributions have been
defined (the manner in which this is done is described below), the model is run
for a user-specified nﬁmber of cycles. In each cycle, a value is generated for
each variable subject to uncertainty (based on the appropriate probability
distribution). These values are then used in POPDEF to determine the resulting
values for each output quantity of interest. After the specified number of
cycles has been reached, means and standard deviations are calculated for each
output quantity, and these results are printed out. The structure of the basic
POPDEF model is described in Section II of the report and is not repeated here.

The probability distribution for each variable is defined as follows.
First, "low", "best", and "high" values are specified for the variable. These
are denoted as Vl, V3, and V5 here. In addition, a value V2 is defined between

Vl and V3, and a value Va is defined between V3 and Vs. Thus, four intervals




are defined (i.e., Vl to VZ’ v2 to V3, V3 to Va, and V4 to VS)' Finally, four

4 probabilities are specified (summing to 1). Denote these as Pl’ PZ’ P3, and P4'

P1 is the probability that the value will fall in intervall. Within each

interval, each value is assumed to be equally likely.

In those cases where the user has a fairly good idea of the shape of the
distribution (this is currently the case for shelter MLOPs and MCOPs), he
specifies values for each of the quantities Vl, Vz, V3, V4’ VS’ Pl, Pz, P3, and
P4. However, the current state of knowledge is not that precise for many of the
variables. In those cases, MCPOPDEF uses a "default" distribution defined as
30 and Vs(i.e., the "low", "best", and "high"

values). Then, V2 and Va are calculated as

) follows. The user specifies Vl’ v

-1
v,=3

. The values of Pl’ P2, P

1
+ V3) and V4 3 (V3 + V5).
3 and Pb are taken as

Pl = .15, P2 = ,35, P, = .35, and P 15

3 4 = L] . .

Thus, the "best" value is taken as the median value for the default distribution.

INPUT DESCRIPTION

The input values for a sample case are presented in Figures A-1 and A-2.
The data is organized in two separate card-image (i.e., 80 character records)
files. The first file (Figure A-1) contains the attack environment matrix
des-ribing the overpressure and dose distributions (in the open) for the
population in each of (up to) three regions. A print control parameter also
appears in this file. All of the remaining input data is contained in the second
file (Figure A-2). Both listings are annotated, showing the variable names for
each of the quantities read in. (NOTE: When several indices are listed for a

variable, the most slowly varying index is listed first, etc.) Line numbers also

appear in the listings, but these are not part of the actual files.
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The indices I, J, K, and L are used in the program in a fairly consistent

way (i.e., with only a few exceptions) to indicate shelter class, event type,

region, and probability distribution index, respectively. There are currently

10 shelter classes considered, and one set in use is described below (the

corresponding DCPA shelter categories are shown in parentheses):

CLASS

1

W 00 N & 0 &~ W N

e
o

DESCRIPTION

Stay-puts (i.e., people who are assigned to
shelter but do not go, people unwarned, people
unassigned, etc.)

Home basements (D)

Subways, mines, caves (A)

Strong basements (B/C)

Strong building areas (E/F)

Weak building areas (G/H/I)

Upgraded fallout shelters (XU)
Corrugated steel-arch shelters (Y;
Trench-type expedient shelters (XEl)

Exposed (i.e., people caught in the open by
direct weapon effects on their way to shelter)

The index values for stay-puts, home basements, and exposed (i.e., 1, 2, and 10)

could be changed, but to do so would require that a number of changes be made

to the computer program.

This does not apply to all other shelter types, and

the user is free to assign index values to these as desired.

The index J usually is used to refer to the various events that occur over

listed below:

| MRy Y :, et e

time in the scenario.

There are currently nine events considered, and they are
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DESCRIPTION

Shelter Assignment
Warning

Blast Posture
Detonation

Rescue

Fire

Water

Ventilation

=
\DWNO\M&wNHg

Emergence

The index K refers to reglon. Currently, there are three regions:
 c risk (K = 1); host (K - 2); and neither (K = 3). The final index, L, is
. used for the values defining the probability distributions. Thus, for the
default distribution, L = 1, 2, 3 refers, respectively, to the "low", "best",
and "high" estimates.

Table A-1 defines each input variable to the MCPOPDEF/POPDEF

model. The variables appear in the same order as in the input listings
contained in Figures A-1 and A-2. Note that the input variable names are

not identical to those used in the Program Analysis Model (PAM). For example,
FCRR(L) is simply FCR in PAM, PP(I,K,L) is FA; and FRCDP(N,K,L) is FPF. These

and others are noted in Table A-1l.

me——

- . . - N M. e e a ~ . - . . 4 . " -
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Table A-1 .
t INPUT VARIABLE DEFINITIONS
i NAME DEFINITION
: NOTPRN Print control parameter for NUMCYL=1 (for NUMCYL > 1,
- control is overridden). The allowable values range from
g 0 (most detailed printout) to 3 (most abbreviated
E printout showing only nationwide totals).
!’r:,’
: NREG Number of regions.
) NPSILL (K) Number of PSI levels in the attack environment matrix
; (AEM) for regiom K.
,; NRADLL (K) Number of dose levels in the AEM for region K.

PSILEV (I, K)

‘ ERDLEV (I, K)
.

Qi FCRR (L)

§

¢

3

§ TROPP (K)

£ PP (I, K, L)
‘ PRPOP (L)

, FSL (I, K, L)
!

- - me o
(4

IEE PSI level in the AEM for region K.

IEE dose level (measured in ERD) in the AEM for region K.

Fract%gn of people (in the open) experiencing less than
the I— PSI level and the J:! dose level in region K.

LEE estimate (i.e., low, best, or high) of the fraction of

people in region 1 that relocate to region 2. (Called FCR
in PAM.)

Total population (prior to relocation) in region K.

LEE estimate of the fraction of people in region K assigned
to shelter class I. (Called FA in PAM.)

Probability associated with the LEE shelter assignment.

Lsh estimate of the stay-put fraction for shelter class 1

in region K (Called FS in PAM.)

Cemm i e i et - gt - . e e e mne

T W et e - L - e s &
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FEL (I, K, L)

OPLEV (I, L, M)

OFFRAC (I, L)

FBOUND (I)

NUMCYL

PFF (I, L)

PFN

PFM

PFR

DDFOP (I, K, L)

DDCOP (I, K, L)

A-14

Table A-1 (Continued)

DEFINITION

LEE estimate of the fraction caught in the open by direct

weapon effects on the way to shelter class I in region K.
(Called FE in PAM.)

I:g—1 estimate of the MLOP (M = 1) or MCOP (M = 2) for shelter

class I. (Called MLOP and MCOP in PAM.)

Probability associated with the IrEt—x estimate (for either

MLOP or MCOP) for shelter class I.
Absolute upper bound on MLOP for sghelter class I.

Number of Monte Carlo cycles to be run (when NUMCYL = 1,
each variable subject to uncertainty is set equal to the
"best" estimate and the model is run in the POPDEF mode --
when NUMCYL > 1, the model is run in the MCPOPDEF mode).

I;Etl estimate of the rated protection factor (PF) for

shelter class I. (Called PF in PAM.)

Rated PF after shelter emergence for the case of non-

remedial movement.

Rated PF during movement for those people provided remedial

movement.

Rated PF after the move for those people provided remedial

movement. k

llrg-l estimate of the fractional increase in MLOP for shelter

class I in region K. (Called AMLOP in PAM.)

LEE estimate of the fractional increase in MCOP for shelter
class I in region K. (Called AMCOP in PAM.)

e




NAME

DPF (I)

FRCDP (N, K, L)

FTU (I)
FRL (I, L)
PSIR

FRRR (K, M, N, L)

PSIFF

FFL (I, L)

FFSML (1, L)
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Table A-1 (Continued)

DEFINITION

Fractional increase in rated PF for shelter class I.
(Called APF in PAM.)

I.:-'?—l estimate of the fraction of people that get the

increased PF in home basements (N = 1) and all other shelter
classes (N = 2) in region K. (Called FPF in PAM.)

Fraction of trapped survivors in shelter class I who are
uninjured.

LEE estimate of the fraction of trapped survivors who are

rescued in shelter class I. (Called FR in PAM.)

Dividing line PSI level for remedial movement of trapped

survivors who are rescued.

LEE estimate of the fraction of those rescued who are
provided remedial movement below (M = 1) and above (M = 2)
PSIR for home basements (N = 1) and all other shelter
classes (N = 2) in region K. (Called FRR in PAM.)

Dividing line PSI level for the fraction of untrapped

survivors who are forced from shelter by fire.

LEE estimate of the fraction of untrapped survivors who are
forced from shelter class I by fire when the overpressure
is above PSIFF (below PSIFF, none are forced from shelter).
(Called FF in PAM.)

hEE estimate of the fraction of those untrapped survivors
forced from shelter class I by fire who survive fire.
(Called FFS in PAM.)

Fraction of those untrapped survivors not forced from shelter

class I by fire who survive fire.

e et m e e s .
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Table A-1 (Continued)

NAME DEFINITION
PSIF Dividing line PSI level for remedial movement of those

forced from shelter by fire.

FFRR (K, M, N, L) L-g—l estimate of the fraction of those forced from shelter
by fire who are provided remedial movement below (M = 1)
and above (M = 2) PSIF for home basements (N = 1) and all
other shelter classes (N = 2) in region K. (Called FFR in PAM.)

PSIFW Dividing line PSI level for being forced from shelter by lack
of water.
: FW (I, K, M) Fraction of survivors forced from shelter by lack of water
. below (M = 1) and above (M = 2) PSIFW in shelter class I in
region K.
PSIW Dividing line PSI level {or remedial wmovement of those forced

from shelter by lack of water,

FWRR (K, M, N, L) LEE estimate of the fraction of those forced from shelter by
lack of water who are provided remedial movement below
(M = 1) and above (M = 2) PSIW for home basements (N = 1)
and all other shelter classes (N = 2) in region K.
{Called FWR in PAM.)

FV (K, K) Fraction of survivors forced frcm shelter by ventilation

problems in shelter class I in region K.

PSIV Dividing line PSI level for remedial movement of those

forced from shelter by ventilation problems.

' FVRR (K, M, N, L) Lgh estimate of the fraction of those forced from shelter by
i ) ventilation problems who are provided remedial movement below
| (M = 1) and above (M = 2) PSIV for home basements (N = 1) and

all other shelter classes (N = 2) in region K. (Called FVR
A g in PAM.)




W R TN

NAME

PSIE

FERR (K, M, N, L)

TA (K)
TRL (L)
TF

TWR, TWN

TVR, TVN

TER, TEN

ERDFMU

ERDFMI

ERDCMU

A-17

Table A-1 (Concluded)

DEFINITION

Dividing line PSI level for remedial movement of those
leaving shelter at the nominal emergence time.

L-E-tl estimate of the fraction of those leaving shelter at

the nominal emergence time who are provided remedial movement
below (M = 1) and above (M = 2) PSIE for home basements

(N = 1) and all other shelter classes (N = 2) in region K.
(Called FER in PAM.)

Fallout arrival time in region K.

I.'-t--ll estimate of the time at which trapped survivors are rescued.

Time at which people are forced from shelter by fire.

Shelter leaving time due to lack of water with (and without)

remedial movement.

Shelter leaving time due to ventilation problems with

(and without) remedial movement.

Nominal shelter emergence time with (and without) remedial

movement .

Time duration of remedial movement.

Median fatality dose level for blast uninjured people.
Median fatality dose level for blast injured people.
Median casualty dose level for blast uninjured people.

Median casualty dose level for blast injured people.
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OUTPUT DESCRIPTION

The MCPOPDEF model was run using the input data shown in Figures A-1l
and A-2 of the previous section. The resulting output is shown in Table
A-2. (The format of the outputs produced when the model is run in the
POPDEF mode is not discussed here. It is described, however, in Section V
of the companion volume "Effectiveness of Civil Defense Systems", by Strope

and Devaney.)

Results are shown first for the entire country and then for each of the
three regions (risk, host, and neither). After giving the total population,
mean values for total survivors and radiation uninjured survivors are listed
in several subcategories. (All quantities are currently expressed in millions

: of people.) Thus, total survivors are divided into those receiving remedial

. movement and those without remedial movement. Within each of these categories,

the survivors are subdivided into those that are blast-uninjured (MU) and
those that are blast-injured (MI). Finally, each of these categories is
subdivided into those that were trapped and then rescued, forced to leave by
fire, lack of water, and ventilation problems. Those staying until the normal
shelter emergence time as well as the sub-total over all of these events are
also shown.

The next section of output gives mean values and standard deviations for
each of several subcategories of survivors (not injured, blast injured, etc.)
as well as total survivors, and the final section of output gives mean values
and standard deviations for fatalities caused by blast, radiation, and other

causes (i.e., fire and entrapment) and total fatalities.
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‘ Table A-2 ;
SAMPLE CASE OUTPUT LISTING :
TOTAL UNITED STATES POPULATION = 211.774 i
]
TOTAL SURVIVORS f
REMEDIAL NON-REMEDIAL
MU ML MU MI
Rescue .059 .038 .070 1.496
Fire .002  .002 .292 .162 )
Water .439 .002 .657 .051 j
Vent . 744 .019 2.120 .568 :
Emergence 101.365 .157 44,358 5.754 §
: SUBTOTAL 102.611 .217 47.498 8.032 :
. RADIATION UNINJURED
REMEDIAL NON-REMEDIAL
MU M1 MU ML
Rescue .056  .034 .054 1.074
Fire .002  .001 .189 .103 ;
Water .362 .001 471 .034 ’
Vent .676  .018 1.655 428 ¢
Emergence 96.397 .138 36.784 4.366 i
SUBTOTAL 97.492  .192 39.153 6.005 ;
ULTIMATE SURVIVORS ;
MEAN STDV f
NOT INJURED 136.645 6.563 ‘
BLAST INJURED 6.197 .768
RADIATION INJURED 13.463 1.664
BLAST RADIATION INJURED 2.052 .267
TOTAL 158.357 5.670
' FATALITIES
' MEAN STDV
$ BLAST 32.121 4.271
; RADIATION 20.905 3.063
OTHER .391 .092

o~ TOTAL 53.417 5.670
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Table A-2 (Continued)

TOTAL REGION 1 POPULATION = 32,951

TOTAL SURVIVORS

RADIATION UNINJURED

ULTIMATE SURVIVORS

MEAN

NOT INJURED 6.366

BLAST INJURED 1.794

RADIATION INJURED 1.740

i BLAST RADIATION INJURED .841

TOTAL 10.714

FATALITIES

MEAN

BLAST 16.172

¢ RADIATION 5.858

) OTHER .207

J’ : TOTAL 22.237
|

i REMEDIAL NON-REMEDIAL
' My ML MU ML
Rescue .015 .010 .046 .421
Fire .001 .001 .129 .079
Water .166 .002 .589 .049
] Vent .459 .019 2.050 .562
Emergence .866 .035 3.785 1.431
SUBTOTAL 1.507 .0b6 6.599 2.542

. REMEDIAL NON-REMEDIAL

MU ML ] M
Rescue .013 .008 .035 .284
Fire .001 .000 .076 .044
Water .147 .001 .429 .033
Vent .439 .017 1.608 L4264
Emergence .725 .024 2.894 .957
SUBTOTAL 1.325 .051 5.041 1.743

STDV

2.411

.577
.661
.258

3.760

STDV

4.925
1.947
.076

6.712




. Rescue

§ Fire

' Water
Vent
Emergence

SUBTOTAL

Rescue
Fire
Water
Vent
Emergence

SUBTOTAL

NOT INJURED

TOTAL

U P PP SN

' BLAST
i RADIATION
. . OTHER

TOTAL

BLAST INJURED
RADIATION INJURED
BLAST RADIATION INJURED

Table A-2 (Continued)

TOTAL REGION 2 POPULATION = 176.070

TOTAL SURVIVORS

REMEDIAL NON-REMEDIAL

My MI MU ML
.044 .027 .025 1.070
.001 .001 .161 .083
.000 .000 .000 .000
.000 .000 .000 .000
100.190 <122 40.261 4.313
100.235 .151 40.447 5.466

RADIATION UNINJURED

REMEDIAL NON-REMEDIAL

My MI My ML
.042 .025 .019 .786
.001 .00L .113 .059
.000 .000 .000 .000
.000 .000 .000 .000
95.449 .114 33.681 3.403
95.492 .140 33.813 4.248

ULTIMATE SURVIVORS

MEAN STDV
129.305 8.126
4.387 .675
11.377 1.863
1.230 .172

146.299 8.576

FATALITIES
MEAN STDV

15.737 1.363
13.855 2.943
179 .049

29.771 3.393
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Table A-2 (Concluded)

TOTAL REGION 3 POPULATION = 2.753

TOTAL SURVIVORS

- REMEDIAL NON~-REMEDIAL i

M M1 MU ML
Rescue .001 .000 .000 .005
Fire .000 .000 .002 .000
Water 274 .000 .068 .002
Vent .285 .000 .070 .006
Emergence .309 .000 .312 .010
SUBTOTAL .869 .001 .452 .023

RADIATION UNINJURED

REMEDIAL NON-REMEDIAL

] ML MU M
Rescue .001 .000 .000 .003
Fire .000 .000 .001 .000
Water .215 .000 042 .001
Vent .237 .000 047 .004
Emergence .222 .000 .209 .006
SUBTOTAL .675 .001 .300 014

ULTIMATE SURVIVORS

MEAN STDV
NOT INJURED 974 .110
BLAST INJURED .015 .003
RADIATION INJURED 347 .019
BLAST RADIATION INJURED .009 .002
TOTAL 1.344 .124
-y FATALITIES
' MEAN STV
# BLAST .212 .019
L . RADIATION 1.192 .120
. OTHER .005 .001 ﬂ
' TOTAL 1.409 .124
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PROGRAM LISTING

1 1 COMMON/NATRIXZAEN(LS, 15,30 4PSILEV(15, 30 ERDLEV(LIS,3),NPSILLE¢3),
: INTADLL (D)

TR TCOMMON/ A C/NACGoNRADL P T 31,FS(9,3),FELD,30,TPOPI3) FRCSHL(3),

L 1rrcxn(aL;:Lgoﬁ«tog,cortxov,rov:xo;,pr|91Lprgl_fnlprq,oroptxo.s .
< 20COP (iU 3)4CPFI9)FOPALLG,3),COPAILO,3),PFA(P),FRCOPFIZ,3),FTULD),
¢ 3FRI9),PSIR,FAR(3,2,2) ,FF(91,FFSMI9) ,FFSSI9),PSIF
T UPSIFM FHE9,3,2)PSIWFuRI3,2,2),FVL9, 3),PSIVFVR(3,2,2),PSIE,

2 _SFER(39292) o TAL3) TR TF, TuR, TaN TVR TYN,TER, TEN, TH, NOTPRN, __

GLIGF MU JERDFP L LRUCHULERCCMIWFRFOPIIC, 3)4IFO0P(1G,3),FRCOPI1D,3),
7!C°r(‘u|3)LFR'0p{2J3) !Yggjg,ll.FRPSlRIJI.I°$!R(3). i
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CnH“ON/D F/RUMURILI9 6,31, FATG(I&.J).TS"UN(9.&.3).RUHUN(9.6.3).
_2RUMIRIG,4€93)  TSMINID9643)RUMINIG6,3),FATTI1ID,3), ATE(10,3),

TEFATCU L 4 SNTI9,31,5310(9,31,SKRI(9, 3).58RI(9.3) STOT(9,3),
YRFRACUZ)IJFFRACLS) JFUFRACIE3),WFRACI3),VFRACI3),EFRAC(3),

Jeo

SICMURI(I,4E 43Dt FAINLID,5, 3).1CH1N1(9.S 3).FCHUR2‘9. .Sl.
61FHUN2(9.5,3)_§§M1N2I9.S.3).TSHIR(9.6.3).FFQ(3.2.2). .

TFFMURTU9, 8,31, mnIt9,5, 3, PFFIIG, )
COMMON/GHI/CFRACIIC,4),0PLEVI10,542),0LEV(1N,4,3),

¥ TOFFRAELTG 4 T4F LOUNGTTI T JNUMCETL 24 ]

2DDFOP(10,3,2),0DC0Pt1U,3,3),FP(9,3,3),PRPOPL3),

3¢l
Jeos

T3eyr T

FLLH

R E

~3tes
17.
3eie

3715

B & 5

372

'_'_orsmmie.u.Ruruﬂme.n.aun:nus ) JRUMUNK (643},
ey T T

TTORUMINK IS, 30 S IR T3 SBIK I L SRIK( 3T ,SBRIK(31,STOTK(3),

IFRRR13024293)4FFaRU3,24243)4FWNRARI3420293)FVRR(3,242+43), v
WFERFA13,242,43),FRCOP12,3,3), - i
SFFFRAC(3),TPOPP I3 FCRRU3IV ,FCRIPSIFF, :
OFSLIY 3,30, FELI9y393),FRLIY,3),

TTRLI3T, F’FL(‘;.S).FFSMLW.S)

COMMON/INLY TSMURKIG,3),TSMIRKIS,3),TSMUNKIG6,3),

STSHURULA D TSHIAULE) \TSHUNULED,
FTSMINUILE) (RIMURUIE) yRUMIRULET,
SRUMUNUI(G) ,RUMTHULED,

SFATER(3) FATRR(3) FATOKI3) FATTK(3),

313
XA
B &
376

—3rnye

37¢€:

+SNIUS,591US,SRIUS 4SS RIUS,STOTUS,
SFATEUS (FATRUS ,FATOUS,FATTUS,TPOPUS
TOIMENSION FRPSFFU3)ZIPSIFF (3T
READ(11,32)NOTPAN,NREG
REALC11732VINPSILL (KIS KT, NRES)
READ(11,32) (INRADLLIK) K=1,NREG)

- 37S:
3FC
3kl:

T 29 ReAC (11301 (PILEVTIT VKT IE T, RPSTLD

00 29 RS1,RREG
NPSILENPSILLIXK)

o T

3f%: DN 21 KIlhFES

T TIATITTUTRRECUSNRACLLIVT
38w 31 KEAD(11,3C)(ERULEVIT ) ,121,NRADL) i
JE5: D0 £ KZ],NREG H
3P0 NPSILINPS ILL(K) 4

TR f T RAACLENAACLLIK) >
3% 00 1 J=1,4MRADL ¥

T35 T READCILJSCITAENTT sk Iy 1T, NP SID) ’
PN 2 CONTINUE :
T BLACUI 1,200 (FCARILI L21,3) :
3650 FCRIFCRR(2)

TUIR3ITT  READTILIONMTPUPPIRT,,RET, 3T

’
T S e - 3

- R . - . £ -
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i
H ' 7553 TBOPTZISTPOPPTZISFCRSTPOPP (T ;
395 TPOP11)=TPOPPIL)I®(]), =FCR) 1
TTI6EY - IPOPUTIZTIPOPP (Y
367: 00 I L=1,3
Ic2y O ¥ K=1,%RES
3159 READCIL43G1IPPLL, M,L),4131,9)
Wlue 3 CONTIANUE
I8 READ(11,35) (PRPOPIL)I,LZ1,3)
nc:?"“"pnpopt:) PREOP(LI+PRPOP(2)
03 PAPOPI3)Z],. .
TTTu{ e B0 T1uY KZ1,NREG
4“5 6O 1ul I=21,9
Gt PII AIZPA(I K,2)*TPOP (K}
4i7: 121 CONTINUE
Y A 00 4 K=T1,3
wCiss 00 4 k-glg
Y BT O REACIT1, 307 (FSCIL N L),122,9)
411 00 5 ¥21,3
4133 00 5 L=143
) 413 5 PEADI1L9 37D (FELIL4R,L),122,49)
: T TRae 00 3¢ izi,9
415 DO 36 K31l,3
. 4lee FSUT KI=FSL(TI K20
4172 3¢ FELI KISFEL(I, K,2)
Wlce TPOPUSZ 3.
wis: DC 7 K=1,LREG
TUNLY TIPOPUSITROPFUSSTPOP(K)
4zl 7 _COKTINUE
T erze 079 KIIGZRREG
V23 FRCSHLIK)ZG,
Gzet B0 8 1=2,9
4252 FRCIK(I,k)=P{I,KI®{2a=FSII, u:)tFElI.K)
TwsET ‘“'F"?’c<nthn FECSHL(KIOFRCIK(IvKl
w21 IFUFRESHLIK) aLEede)FRCSHLIK)IZ ]
TTTR2ed § CotIkuys
4251 09 12 M=z1,2
Wiy 00 12 121,10
421 READ(11,30) (OPLEVII,L,M),L=2,5)
w33 12 COnTINUE
] 4T3 00 13 1z1,10
; TTRINTT TS READUT L ATITOFFRACIT,LILZ1,4)
435 DO 1GS 131,13 .
E wits FOPUIIzOPLEVII, I, 1)
; 437 COP(J)=OFLEVI],3,2)
i 34 TOPUI 1S 88F0P T

43s: 1085 CONTINUE o
T ewuT T REAUII N, 307TFBOUNDC(IY,IZT,100

LR REACSI11,32)0UMCYL
- a2t 00 13T L=1,3
bu3s 130 RtAG(‘l.:ﬂ)(PFF(l.L)aX 1,9)
y YT ') 1u"‘T"l.9
“4S: l4yU PF(LIzPFr (L],
‘ TTRaeT _H'Ctﬁi“l’x'.‘st'iéﬁ'm?n
Ao . w4l 00 1¢ I21,1C
\ CERE] F'AL(!I.A PUIDUFOPIT KoL) sLZ193),R21,NREG)
' 48y A"(llni.!((DDCDP(I KoL) gyLZ1e3)yK21,%NREG)
LIV R ¥vY Canrxvut
R a
. .
1'\ L RTAUALITT P eus
N POTEETE
) SO
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€Sl DO 1G3 X31,NREG
__us82: 0% 103 1:1,10
453 DFOP (1 ,M1=L0FOP(14K,2)
__84%4: DCOP(1,Ki=DOCOP(L4K,2)
455: 103 CONTINUE
uSe DO 1u§ X=1,NREG
“E7: 00 1u8 I31,1C
4te: FOPLtT K)ZFOP(I)%(1,+0FOP(I,K]))
TS T T CAPALY KISCOPIINeTTeDCOPTT, KT )
4&us _10s CONTINUZ .
4617 READULIDIMOPFIIN,IS1, 9
e D0 1« IZ},$
wé s 16 PFALIIZ(1.*CPF(I))IOPFL])
wtu: DO 217 X=Z1,KNREG
TN 00 ziCcNIT,2
wtb: 210 REAGULIL1,3C)(ERCDPIN,KIL)IHL=L,3)
Tuete DC 1i0 K=1,NREG
_ 4 00 11n NZ21,2
4eS: 110 FRCOFFIN,K)IFRCOPIN,K,2)
YT READI11,30)¢FTU(1),121,9)
W71 DO 15 L=1,3
wrg: 15 READIIA,SNILFRLITWLILIZ1,9])
4733 T READ(11,CiPSIw
h'IB' D0 1¢ W=} MhEEG
CYEY 00 1€ L=1,3
470 16 REACULI1,INIFRRR(A1414L)FRRR(Ky1424L),FRARRIK,2414L1,FRRRIK,2+2,4L)}
TTWYE T T REAUCLY,30VPSTFF T
Wic: DO 12 L=1,3
TOuTYTT YT READILLL,ICHIFFLIILLY,IZ1,9)
wEL: L0 18 L3l,3
il 18 REACUTI, PV (FFSMLIT,LILIZT,9)
“82: REACUIL,3CIUFFSStTIN,I21,9)
“és: Do 7 1= 1.
4y FRUTIZFAL(I,2)
‘ies?“““Frrxn:rFL|1;!1
“Whot 37 FFSMUTIZRFSHLIT,2)
TR N REAC(11,45C)PSIF
wlE s DO 2. KZLl,WREG
TUReYT T 00T EU LT, 3
W9y 20 REACULLW3UCIFFRRUIR)L o1 4L) FFRRIKy192)L)oFFRRIKs2914L)oFFRRIK92424L)

TR READC1LICPSYTY

492: 39 21 K=),NREG
(LT READC(TLySCICFN(I,Ke00,228,9)
4%y 21 READUIYIL 30D UIFNITK,30,121,9)
T assTT READOIIL,ITIPSIA
T TY] DO 2é n=),NAEG
Tliwers o6 24 UT1L,3
“9:3 22 READIlloSO)FHRRU\.l|laL,,FHPR(K,I.Z.Ll,FURR(K.Z.l.L).FHRR(K.ZLZ.Ll
uoe5; D0 23 K=l ,NREG
5Py 23 READCIDZ3CIIFVILIK)121,9)
TELTY REAGCTI,3HIPSTV
S50¢s DN 24 R=14NSEG
el D3 Tw T3
50« o4 ﬁr‘C(l‘ 3”'ka5‘“"QLOL,'FVRR‘KOIOZIL,|FVRR'K|2'1'L’Q’V’R‘“chzgl’
(57 ‘ﬁtnbtxx.:u»PSIL
Ste: DO 2% n3),NREG
"‘5:.7"‘__55"2'5"t2'1".3




A-32

SUe: 25 READ(11,300FERRIN 141l oL)oFERRIK 142,L)FERRIK 4241,4L) FERRIK 2,2,L)

_ 5t 00_14C X31,NREG
% ) 00 12T M21,2
__S11: Do 128 Nz1,2
S$1c: Fa@UinoMot )= FRRRE (A MeN,2)
S$13: FERUR gy )SFFRRIN Moty 2)
Sle: FURIN M ¢N)ZFURRINGMyNG2)
. 513:  FVRUIK M NIZFVRR(A M,N,2])
S1é: FERIR yMyNIZFERRIR yM Ny 2)
- S173__ 120 COnTIME e e —
tle: WFAL (11,300 (TA(K] yKZ1RREG)
$19: READUIL 42 ) LTRLILDI,LS1,3)
3iw: TR=Tal (2}
£l READ(11,30)1F
$22: READ(11,30) TuR, TuN
§23: RELG(11,30)TVR,TYUN
S24: NLAO(XI‘-L)Y;H TeN
£25: REALC (11,301 7TH
S2¢t: REALL L1, 50 )CROFMY,ERDFMI,ERDCHU,ERDCHI
521 Tu_FOAMaT(RF1C.I)
§le: 32 FcrMaT¢l6T5)
.. 529: DC_35 KI1,NREG
53¢ NPSILZWPSILL(K)
531 DO Ze 131,10
. PR CALL FIHG(PSILEV NPSIL,KeFOFALI R)FRFOP(IK),IFOP(I,K))
5233 CALL FINUIPSILEV NPSIL,K,COPACI, KI,FRCOPII,X),1COPITI,K))
LY 26 COnNTINnGE™
5§15 3% CONTINUE
T T83e 00 451 KZT1,NREG
5373 NPSILZNPSILL(X)
S3t: 00 27 121,9
835 CeLl FING(PSILEV NPSIL,X,TOP(I),FRTOP(I,X),ITOPI1,K))
Tyt 27 GONTINUT
S41: 451 anTI‘u‘
TTTERITT T WO I TRIINREG
Suls NPSILZNP aILL(K)

K CALL FINUIPSILEVINPSIL Ko PSIRFRPSIRIK),IPSIRIK))
Sus: CALL FINDU(PSILEV NPSIL K PSIFFRPSIFIK),IPSIFIK})
LTy CACC FINOTPSIUEV NP SIL K PSIFW FRPSFWIR) yIPSIFmiKIT

Su7: CALL FINGIPSILEV NPSIL K, PSIN,FRPSINIK) ,IPSIWIK)) SR
TTBeET CALU FINGIPSILEV, NFSIL Ky PSIVIFRFSIVIK) 4 IPSIVIKD)
Su; CALL FIND(PSILEV,NPSIL,K,PSIEFRFSIE(KI IPSTEIK)}

ALL FINUIPSILEV NPSIL K PSTFF FRPSEF (R) 4IPSIFFIK))

5%1: 33 CONTIMUE
142 D3 & RII,NREG
553 NEADISHNRADLLIK) =)
BRI RFRACIR)ZFRESRVILPSTRIK) (FRPSIRIKT yRRAG)Y 3 0e 9K
sECs FFRACIRISFRCSRVIIPSIFIK) FRPSIFIR) ,NRADL 04, ,K)
ST FubRACIK)IZFROSAVIIPSIFW(KY (FRPSFRWiK) 4yNRADLyOe 4K )
. 5€ /s WFRAC(R)IZFRCSRVEIPSIWIN) ,FRPSIW (K} NRAOT,04,K)
‘ T B8&T  VFRACIATZFRCSAVIIPSIVIKI (FAPSIVIRI yNRADT 400 4R
. 5E£9s EFRACINR)ISFRCSRVIIPSIEIN) ,FRPSTE(K) yNRADY 00 oK)
’ TECT FFFRECURTIFRCSRVIIPSIFFIRT  FRPSFFIK T NKAD T s De s K7
5¢61: X4 CANTINUE
: i T TALL FFFILC
SR PO 563 0n 2¢ 121,9 _
) TTUTEEWT LY TEETUET, S =T
'
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Se5t 00 28 R=1,NREG
__5¢b: NRADLSNRADLL(K) ’
TET PFRISPFERTCTI J oK)
$65: PFNIZPFENTI (T, J, N)
546y PFRZZPFERE2(1,J,X)
S7ut PFNSSFFENIT 1 J4K)
STl ERUSCRUFMUSPFR ]
572 COLL FING(ESOLLV NRADL (K, ERDFFMURTII JoK)TFMURLIT JenD)
T8T3TT ESUZERDFHISPFRY ‘
STus CALL FINC(ERDLEV NRADL X,ERO,FFMIRL(I J oK) TFMIRLITI, J\KD) !
§18T  EPD=ERUCMUSPFR])
e CALL FINODUEROLEV NRADL K, ERDyFCMURL (] 4JyK )y ICMURLII] Jok)) .
32K TCOZEFUCHISFFRI 3
§7=: CALL FLlYUCERDLLV MADOL K ERD(FCMIFL(T JoK) ICPIRIIT KD
85T ERUSERCFMUSPENLT
LY CoLL FINUIEROLEV NRADL K ERDFFMUNT(T s K)o TFHUNLIT U0 ))
! TSele ERUSENLFMTePFNT
502 CALL FINU(ERDLEV NRADL K JERD,FFMINL(L yJsK)yTFMINICT yUyk))
SE3: ECDSERUCMUSPFNI
SEG: CALL FIYD(ERDLEV NRADL (K ERD FCHUNL (T ,JgK) ) ICMUNLIT Uk}
TTTeKE T TES0ZEFOCNINPFNY
LT CALL FIMUCEROLEV NRADLK4ERD,FCYINLIL, UK TCHINLET JyK)) ~
. TTSETYT  EGUSERUFRUSPFRL
EF CALL FI'ID(ERDLEV MRAQL ¢KERD FFMUR2(L 4JoK) s TFMUR2UL 4 Joh))
Loy ESDEROFM]ISPFRZ
595 CALL FINGUEROLEV NRADL,K,ERD FFMIR2U(I JoK)oIFMIRZ(T J, k)]
T 891y TEFUTERUCHUSPFIS T
L5t CELL FIMDULTOULEV NRADL K ERD FCMURZUT 4J K1 ICMUR2(T4J4H D)
TS 3 EAUSERCCMISPRF
L3y CALL FINDIERDLEV NNAOL «XK.ERD, FC%IFZ(I K141CMIR2¢1 44001 1
XY ERC-tFLFMUSPF NG 5
T CALL FIMND(ERDLEV NRAUL X,ERD, srnunzcx.a.un.xrruu:«l JeK))
T O8STY T ERGIERCFMISPFNZ
$6¢: CALL FIND(ERDLEV,NRADL K oERDFFMIN2(I J1K1oIFMIN2UT 4K ))
""" §653T ESUIERUCHUSPFNZ
Xt CALL FINUGEFDLEV NRAOL K yERDJFCMUN2{T 1 JoK)y ICHUNIT JoKD )
el ERDSLPUCrIPFNG -
62 CALL FINOD(EROLEV NRADL K ERD \FCMIN2(1,Jok) TCHIN2ET don0)
Ter3:T 28 CONTINUET T
eCu: RETURN _
TTTRLEST T T UEmy T T " s T T —
ore: SURRQUTINE MQCA
t7: COMMUN/MATRIX/ZAEMILS g 1S43)¢PSILEVILS, 3)EPDLEVLIS,3) NPSILLI(3),
ofts 1HTASLLLS) y
T RIYT T COMMONI RO CTNREG WRACT P UT ST ST, 3T, FEiT, T, YPOPI ST, FRESHL TS, o
tlus 1FRCIRIG,3),FOP(I0)+COPLIOITOPILO) PF{9) PFN,PFM,PFR,DFOP(10,3),
T Telld 2UCOPULIUL I, 0PFIdTLFOPRILT, I)(EOPA«:O}sn.prnt9:.;nconr«z.sn FTUI9Y,
el2: IFU9),PSIR FRR13,2,2)FFI9),FFSM(9) ,FF5S19),PSIF,
eld: UPSIFm P WLG43,2) oPSIWNFURI39212)oFVI9,3),PSIV,FVR(3,2,2),PSIE, F:
tles SF'_'E(SqZ"'l.1.\(3).YR.YF.YhR.ThN.TVR.TVN.TEQ.TCN.TH.NOTPRM. J
TR T  GERUE MU ERDFMIZEROCHUERDCHT FRFOP (LT, 30, 1F0PL10,3),FRCOPTID, 37, 3
tlee TICOF LIS, 2) o FRTIGPLO,3),ITOPIG,3),FRPSIRI3ILIPSIRIY),
'“'¢17{““'ernvsrs(s».xvsxruish;?upslu'31.1951u¢3n.rupstvns:.frslv(li.
‘ __bla: CFRPSIT(T) IRSIF(3),FAPSTE(3),IFSIENDY, o
' TEA9T T PPRERTU9, S ST PFERTUD, 5,30 PFERZUT 5431 PFENZ(9,543), "
) Y LIFFUKLINS,5,3) FFMIR119,8,3) 3 1FMIKRLIIG,5,3),FCHURL19,5,3),
He TR LT QFCMIAL(9,)S 3 ICMIRT (9,8, ) FFUUNLITT, S 2IGIFrPUNYES SV,
)
]




v

[ BIFFTNYIO.S.Jl.FCHUNl(9;§,3!.XfMUNl(9.S.Sl.FCH!N](O.S-!).
€23 BFFMUR219,5,3) IFMUR2(9,5,3)FFMIR2(9,5+31,1FMIR2(9,5,3),
TRV SITMURIUT VS 3T FCHINZ (9454302 ICHIRZ(90 50314 FFMURZI945430
€252 SFFMINT(9,5,3),1FMINDI9,5,3) FCHUN2(G,5,3)ICHUN2(94S,3),
TTe26t 1TCHMINGT9, S 3), FR(10+5) PuP(9,3),0ETUITU,30,0ET1(10,3),5UT(9,37,
w372 BSUNCTIs3)oSITID 3D ,SINIS 3),SUG,4,3),51(9,4,3),MU(9,5,3),
¢28: 9"”&‘9!5.3’.”“"‘9|s'3,|~1R‘9|5.3,,MIN‘9|SQ3,'IS"UR|9Q693,

625 conrculotf/nununlg.b.3).FATR(lc.;{.Ts§g119.g.}liguqqg}9.e.;).
TR YT CRUMIK(S 0930, TSMINTG 18 51 JRUMIRIF, 6,3V, FATTTIC 31 FATE(TO31,
631 I ATOU3S03)ySKIC943)y53T(9,3)SRIGy30,S9RI19,3),5TOT(9,3),

T TBI2E T T T URFRACU ) JFFRACITY I JFWFSACIY) uFRACIII,VFRACIZ) EFRECII),
€232 SICMUMI(94E 93D 4 FFMINI(9,5¢3),1CMINL(6,5,3),FCMUR2(9,5,31,
6ius bIF“Uh:lO...!).chln2t9.5.3l,TSHIﬁ(?.b.}l.FFG(S.Z.Zl.

635: TFFRLRL(9,5,3),m189,5,31,PFF110,3)

626 COM»ON/5AT/CFRACIIO 41, 0PLEVIID,5,21,0LEV(ID,4,3),
&7 1CFFRACILIL &) FoOUNDILIN) 4, NUMCYL 42,

T 83T 200FO0F(11,3,3)5C0C0PT10,3,37,PP19,3,31,PRPCP (3],
[ 4 E] IFPAR12924543)0FFRR(3,2,243),FWRR(3,242,3)4FVRR(3,2,243),
[XWH “FERR(}.Z 293V, FRCDP (43,430,
euls SFFFRAC(3)TPOPP (3] FCRRI3),FCR,PSIFF,

TTew2TT BESLU9, 3,30, FEL19,3,3T, fifts.sn.

643: TTRL(3, rrL(9 ), FFSMLI9,3)

TTewer . on '1“06'1 1,13
645 CFRACIIL1)ZOFFRACI1,1)
tue: CPNﬁC‘L'“’-lo
oul: 00 4u L= €13

Y'Y LYyst=1- -
6u5¢ 8y CFRACUIL1,LIZCFRACII,LL)COFFRACII, L) .

ettt DO SC M1, 2
51 00 SC L31,u
ttat (% XN
tel: SO CLEVHIIZL, PISOPLEVIE,LL M)=0PLEVI]I, L M)

TTeENT CITT UANTINUET
63S: CO &iC 121,13

—6SeT XIRANF (2
6s7: YSRANFL2)

CYEE D0 150 L=Z1,4
%53 IF(XLTCFRACII,L)IGOTO 160

TTEL L TSu CONTINUE
66l: 160 FOPUINZORLEVII, Lyl)eYSDLEVII, Ly}

""6e<- TTCOPLINZORCEVIT L, 2ICVSOLEVITI L, @)

663 1F(1.6E.1Q1G0T0 165

cbu: TOF(1)=,088FO0P{I)

£652 165 D0 170 KZ),NREG

6657 FOPATI (W I=FOPTTITS T, ¢OFOPIT,K))
67 COPALI KIZCOPL]I)®(3.9DCCPI(L,K)})

TTTEECT T CIF{FCPR{L KY. Gl FEOURDTIIIFOPRATT,KISFBOUND(T)
XY IF(FGFAII K)eGToCOPALL,K)IGOTO 168
67 COPRI I RIZFOPRIT ")

6712 168 IF(FOPA(L,K).GT.FBOUNDI(I)IFOPA(],XK)ZFBOUND(])
T 81d: 170 CONTINUE
673: 200 CONTINUE

TR FCRERENIUNTFCRRTI T FCRRT2 I, FCRAII . D)

6732 TPOP(2)STPOPP(2)+FCReTPOPP(])

TTerCr . TPGPILICIPOPP(1IIs(l.-FCP)

8117 TPOPI2)ZTIFOPP(3)
Xy XZRALF ()

.. 1TY PRACTICABLE




LR -

{
£
679: 00 340 L=1,3 :
__beu: 1F (X, LTI, PRPOP{L))IGOTO 305
i 681: 300 CONTIMUE }
' %23 3C% LP:L
er3: DC 31" K21,MREG
(L3 00 212 121,9 i
(W PUIyR)IZPP LR oLP)*TPOP(K)
__t8: 310 CONTINLUE _ ]
ta7: D0 9 KZ1,NREG
. .b83:  FRCSmL(IK)ZO.
685 00 @& I:2,9
¢Ge FRCINtI ,n )P KI®lle=FS(T,K))IFE(],K)
LA 6 FECSHLIK)IZFRCSHLIK)*FRCIK(T, KD
__ eS8y _IFIFRCEHLUIN ) oLE. O, IFRCSHLINKDIZL,
€$3: 9 Conrisus
_tS%: 00 35 nz],NREG
(33 NPSILINPSILL(K)
£562 00 26 1:=1,10
6572 CALL FINUIPSILEV NPSIL K FOPA(I(K)FRFOPLI X),IFOPLI,K))
__t%e: COLL FINGIPSILEV ,NPSIL K, ,COPAI], K} ,FRCOP(I,KI,ICOPIT,K])) p
[ 26 Continyg 1
: L Ivui 35 COKTINUS
101 00 33 k=1,NREG
102 NPSILINPSILLIK)
’ LT Do 27 1=1,9
LUK CALL FIND(PSILEV,NPSIL,K,TOP{I},FRTOP{I,X},ITOP(Z,k)]} §

77557 27 Coutinys ”
1.6 33 CONTIAUE
T:

TOTIersT 7 O RETURN TT T 3
77k E40 J
124 FUNCTION RANF(2) 3
T1.:C THIS PANLOM NUMBER GENERATOR IS 1100 UNIQUE
TTI1L: T T T OIMENSION ARRY UG, XY
7132 EYTER*AL RANDU
T138 ToaATA N i1y T
Tlus IF t2 .61, 1.160 10 10
A TR ~ 4 = 2%clcbelS,
71€:10 CONTINUE
e A 5 X ¥ 8 U - 4
718 CALL FNSSCARRY ,RANDU,X (N}
7197 2" a1}
Ty RANF 3 2
—ailE RETURN
122 END
TR T SUBRGUTIRG RANSEY (R
1°usC THIS RCUTINE INITIALIZES THE RANDOM NUMBER GENERATOR ¥
TV28T CHARACTER®6 IDATE,IWOUR ;
726¢ CALL AGATE(IDATE,IHOUR} i
=T DECCUETB 139 TROURITTEMP .
1782108  FORMAT(IE) !
TSI T Tt o A1TSVITENR, L ITY ¥
136:C NOT MEEDED BUT GUARANTEES A POS. NUMBER :
¢ TN T TR I
1128 RETUNM
i L5 ($N1]
i 136: SUSROUTINE PFFILL
' i & £ COMTUN AT IR AEHTT S 15+ ST PSTLEVIIS, ST EROLEVIIS ST NPSILL(S),

Ty 1Y

L paAuiloaplB

. Thl‘-. ) s V( Y \JA;C
] N

FRUN Lui s - o




A-36
YT, ANSAOLL (3}
7372 COMYGN/ABC/NREG JNPADY (P U9,33,F51943),FEL943),TPOP(3),FRCSHLI3),
TUFreE o IFRCINtT 3T FOP (11 s COP(I0) ,TCPIIG) FFi9) PFN,PF M, PFQ.DFOP()O.S).
135: 50(0?(19.}1_DPFl9L.FOPl(10.31QCOPl‘Xc. ) PFALY), rnconrnz 3)1,FTUL9),
TTVesTT —JFPI9).PSIR.FRR(},Z;Z).FF!?).FFSHIS).FFSSI?I.PSXF.
T4l UPSIFu FWL9,3,2),PSTwW FuR(3,2,2),FVI9,3),PSIV,FVRI3,2,2),PS
TVot SFERG3024c0sTACS) TR TF,TWR, TN, TR, TVN, TER, TEN, TM,NOTPRN,
T03: _ BERUFMULEROFMI,EQ0CHU,ERNCHT, FRFOP(IC.S).1F0°IID Oy3)4FRCGPI2G,31, :
TR T T TICUP I 30 4 FRTCP(3,3), ITOP (S, IV, FAPSITITIIPSTR(3T, M
_TuS:_ AFTRSFu(31,IPSIFUL3)FAPSI413)IPSIWI3),FRPSTVIZ),IPSTIV . .
et EFFRSIFU3),IPSIFLS) FRPSTE(3),IFSIEC(3),
Ju1: SPFERLI1545431,PFERLID,5, 3|.Pr;a¢|9.slé)lgrz~zns.5ls). :
746 TIFAUK 119,64 30 FFMIRILD,5, Y1, JFFIRI(G,5,30,FCMURII9,5,3), :
JuSe 2FCHMIFN1(9,5,3),ICHIR1L9,S, §1lﬁfnqyl[g!§1§l.lfPUhll9.5.ll. ;
s at 1xrnxu1(9 S N) FCRURNT (9,5, ST, JCHUNT (9,5, 37 ,FCMINT(9,5,3), ;
51 AFFHUA2(9,5,3), IFRUR2LY, 5_}).FFMInZ(9.5.3).XFPINZ(9 Se3), _
“‘se?""‘“sxcrca4‘c s.s:.rCMxn’(q:,.sn.xcnlkch. v 31 FFRUNZ2(9,5,3),
__re3: LFFMIND c,.s.sl,;anqz(q _EluigVQQ?Lglé.3!.1CMUN2I9 5,3),
Tewr  TICmINZt9, s. VPl 30, PP IS, 20 DETULIU, 3),DETI(10,3),5UT19,3),
L Tes BSUNIS,3), xr«; 3:,51"«9.3)“su19. 93198185 ,493),MU(9,5,3)y
75«:““““onun:o.s.s:.vunco 5031, HIR(9,5,3), r1~49.5,3>.1=nun|9.5,3)
s COMMGY/OEF/RUMURI9 46430 FATRI1I0,43),TSMUNIS6,31,RUMUNIS,6,3)
icds sznxate.o.S:.r541M(9.b 3!oRUHlN(9.6.3).FATT(lU.3’ FATEC(LO, 31.
155 IPATCCIL 3)oSNL09,30,52015,3),5K116,3),5PRT19,3),870Tt5,3), f
7e,=""‘%urknc(s) FFnAC(').FJFnAClSI,hFRAClJ).VF#AC(').EFRIC(J). .
Tl SICHURL(9,543),FFmInl(5,5,3),ICHINLI(S,5,30,FCHUR219,5,3),
B Y- exruuuzte.E.S).rCr1~219.§ 31, TEMIRTT, 673V FFR(3,272),
7¢3s TFFMURL(9,5,3),m119,5,31,PFFL10,3)
‘“7(5?“"‘&6&?6&zGFT?EFﬁ]tT)u.un'09L£v(10.s.zn.oatv«xa.ﬂ.sl.
252 10FFRATI1L,4) ,FEOUND (1) ,NUMCYL,2,
TeL e SODFOF(17,3,3),LDCOFRLL:,2,3),PPI19,3,39,PRPOPI3),
167 YECRRIZ, 2,203 ,FFAR(3,2, 203"FHkRIJQZQZvJ,vFVRR‘JLz 2,3),
‘“7&5?“"'ir€:=¢3.¢.z.3».rncu;(z.s.s),
T€5: SFFFFRCI3),TPOPP3),FCRAL3) FCR,PSIFF,
B & %] ersucs.s:s1.r£L¢9.§;3TTFEC49.3»,
771 TIPLI3),FFLIG,3),FFSMLIT, )
T2t JIMENSION NU3),PFPI3),1710)
775: RN "./loolccl.,
Tt PFRTEVEPEE
7753 DO 15 K31 ,LREG
T Ir{TSYATK
7771 PO 14 121,9
118 ¢ IF(I.EQs1)00 TO 2
775:¢ 2 TRIZTR
e TFIzZtf
! 781 PFlz¢F (1)
Ty T PRALTERAYT
. Te: Nz
! -~ RITE TP (AbS(PFI-PFAI).GTa1.E=31IND=1
| 705: 00 13 4=1,8 .
P BRLLE [FTo=213,4,35
: 787 3 TIMARZTAL
: i B L-T'E YImf i
Poe . 789 G2 10
P AT “ TIRRSTFT
751 TIMKGSTFL
P TILTTTTTTN TR
S Y
L7y '
3 As T oh oLl
"‘\ L sunalht rrATcE ]
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A=-37
753: S IFftJ=u16,7,8
AL 6 TIMRZTWR
795 TIMNZTWN
796 6O 10 S
727 7 TIMARZITVR
1568 TIMMZTUN
199 GO TG S
ety a_TImRzTER
8013 TTPIMRZTEN
eles § NZ23 —
TEr3ITT  TTI2)EVIMR
84 TY(3)STIMReTN
—TyneT PEBTITIPFT
€76 PFPL2)ZPE™ .
A TCRLL ELVPF(NLR,PFP,TT,PFEQV]
ligs  PFESIU1,J,K)ZPEEQY
TTaney TTIFUINDLEC,TIGO TO 10
Bli,: PFERZ(IyJ.K':PFEQV
511 G6 To 11

€13:  1U PFPI1)3PFA]

T 15T CAULTELVPF TN, R PFP, TT,PFEQV)

Elut PFERZUI JiRISPFEQY
TTTEle s T N=T T
. 8les TTL2)=TInN
E1T: PFP(11=OF1
E1é: PFPILIZFFN
B1§: T 7T CALL ECVRFINGP I PFAL YT, PFEQV)
20 PFC LUl JeRIZPFEQY
T TRIir IR UINDLECLITGO YO 12
bods PFEMZ Il ,WeRISPFEGY
el GC 1C 19

E24: 12 PFP{1)zPFA] ’

TTeasY CACL ECVPFIN,R,PFP, YT, PFEQV]
&le: PFELI(L,JoK)IZPFEQV

T TE21:T 1Y CONTIRUET T
E2s¢ le CONTINUS

CY4E 15 CONTINUE

2. RETURN
B END T
8322 SUBROUTINE EQVPF(N,R,PF,TT,PFE)
TTTEIIT . CIRENSION TRETG PRI, TTTTY
g3u: DIFENSION AC3)
LRI TEUNSGL.¢1G0 TO )
g3 PFEZFF (1)
s TUB3TS RETURM
¢ e3c: 1 00 2 I=1,N
’ TTeYYT . 2 KIIEF(IY7PFTLD
. [ TTiNe1)21.E10
‘ tul: BRI LIY IR IR E)
A 42 TEESTMN .
vl T 1esT1(2)
CLTES IFITZLT.TMN)THMNZT2
TTENSY T TMXSTEARTTTONY )
y shes DMAX:ZC.
sl K21
[LY-§ TsTMN

TTEweTT 3 IFTT TTLTMNOIGO 10§
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¥EC: 4 K1ZKe)
[ LR IFCTLE.TTIK1)IGO TO 5

a8 LY
eS3e G) 10 &
LY S DIALLISERD(TTIL),T,DERLIY)
[ JF(RLToc)GO TO 7
456 D0 & I=2,k

__ 8572 € DZ0e(201)-A(T=1))*EROCTT(]I),T,0ERIV)
ece: 7 IF(D.CT.UMAX)DMAXSD

_oeS9r__ Tilews. —
cELS GO 16 3
8els B PFEzHINISERDITT(1) 4 TEE,OERIV)/OMAX
8E2: RETURN

. 8€3:  END

YLK FUNCTION THAXLIT)

_ GES: Az Tsx.18638%8
(1T ¥) 2z7s%,.5cu68
ekl TMAXZ)ILE,3U63%AsEXP1,3059715%B)
EESe RETURN
LeS: END_
873 FUNCTION ERDITU,T,DERIV)
E€T1: DATA B,B2y63yA1,A2,A3/1.041€667TE=3,1.0850694E~6

TRTETT 4 1.13U7307E-9+1.3020833€E-3,2,1098673E~7,0,166666TE~37

873 TRZ14/(Tan],2)

S IY TRi=TFeT

5752 TRZ=TR]1eT
TTTETeT T T TRIztR2%Y

el7: TORS1e/(T10»e1.2)
TTereE . YORIStunsYo

6762 TOR2STCR1eTO

ok .2 TOR3ST Q281D

b€ BTzCel
TTTRALTT  8T2:r1esT

€el: E3TEXP(ET)

(T-IK) FERT=.57L8 7Y

885 8T0ze319

kEE: 8TU2SETI=BTO

e87: EartIfxP(RTO)

TTdEST T BLUETIE9i-i -B8T-87272,

886 BLOYTCSELTy=1.-8T0=BT02/2.
TTeeud TEACOZ LSS {TORT-THT)

891:¢ FACIz1luesFACD

69z FACz=Ale(TR2=TQR2)

893: FACIZAZ®(TR3=TGR3)

TUTRSET T PACUETRe (Z 9 TTSBLOGY
89%: FACSZTLRe(Z,+210195L08T0

T E%eT T ERUSFACCAFLETH(FACIVFACZOIFACI*(FACU=FACSIZAS]

857 DERIVITR=(ERU=FACT)®E
! [ RETURY
! 859 END
TTRCYT . SUBNOUTINE FINOUVAL JNeK,V.FRAC,IND)
¢ S0 OIMEKRSION VALI15,3)
ST IF(VOOY I VALTI, W TITOT YO |
l $C1s FRAC21,
e . Suv: Toosi
' 9CSs RETURN
' §Cer ™ I IFIVOLYVAIEIN,K} TGO Y0 2

] N s
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S 937 FRAC=Q, 1
§5C6: IND=N=1
90%¢ RETUKRN 4
__§103 2 00 3 I32,N y
il IFtv.LT.VALIT,K)IGO TO & ;
§12: 3 CONTIMYE
G13: 4 1aDzl=}
14 FRACZIVALITI MDI=VIZIVALIT , K)=VALLIND,K))
T %18t RefuRN
__S1es_ END
911 SUBROUTINE MAIN
§19¢ C"H"OHJHATRIXIA‘HIlS.lS.J[JPS!LEV(LAJ!).ERDLEV(lS.S)luPS!LLCBl
TSl TRSACLL(S)
§272¢ COMYLY/A=C/NAE L RIADL,PIS,3),FSE9,3),FEI9,3),TPOPL3),FRCSHLI3I,
e IFRCInUS, 31 ,FOPII01,COPCI0) 4 TOFCIU)4FF (9) PFNoPFHRPFR,OFOP(10,310,
$22:  20COPUIU,3),DPFI9),FOPALI0,3), COPA(;QL}I.PFA(9I.FRCDP'(Z.JLlfTU(9)L
KT xrdte).PSIR raacs.z.zn.rrcoy FFSH(9) ,FFSS(9),PSIF,
$oue OPSIFu FWIY, 3.2!.9510.5-911,2.2).rvc9 3),PSIV,FVR(3,2,2),PSIE,
¥ 053 SFERI34Csa) s TAUI) y TRy IF TWFR yTaNyTVR,\TYN,TER, TEN, TM NOTPRN,
_._928:_ _&EAOFMU, cnor~x.;=u¢nuL§Rncv1 FFFOP(IQL:D.1F09(lu.3).?k€0’(10,3!-
sa2r: TICOP(X-.Sl FRTUS (S, 7),ITIP(5,31,FRPSIS(YI,IPSTIR(3T,
3¢ »rvpcruzt».xssxru43).ropsxsus».lvsxucsx,rnvsxvtxn.tpsxv«s».
T2 T EFRPEIF I, IPSIFUS)  FAPSTE (TSI IPSIE(3Y,
520 SPFERLI®,5,3) PEENIIS,5,3) ,PFER219,5,3),PFEN2(9,5,3),
$31: VIFMURLIC(G 4SS 2) o FFMTIRLU9¢543) JIFMIRLILS,5,33,FCHMURL(S,5,3),
932s  2FCMIRI(9,8, 32 JCMIKI19,5,3) FFRUNIL945,3),1FNMUNL(9,5,31,
2T T RIFNMINLTO, S ) G FoMUNTIS S, 3T ICHUNLCS S 3N FCMINLI(9,5e3)
Glu: hFFNul’-‘lq...'-I.IFnui2lr,,,_-) FFH!QZ(‘I'.S_!_,_'.XF"IRZ(o 5.3)|
TS s SICMURIUT S 2 o FCMIR21T 45, 30 ICHIR2UG,9, 3 FFMUN2I9,5,3),
ALY SFFMINC(94543),IFNIN2ID 5,3) FCHMUN2IS,S,3),1CHUNU9,5,3),
TSI T TICHIRI(S 5, T) FWCI0,3)PuP (9,31, 0ETUSTU, 50 sDETI(10,33,6UT(9,30,
STt 8SUNIG430,51T(3, 3).sxn|9 31 ,5U9,4,3),SI19,4,3),MUl9,5,3),
TTRAS T T T IRUR IS, , 3, MUN 9, G, |'nrn|9.5.s|.nxu(9 8331 TSMUR(S,6,3)
S4.z: C‘W"b"lﬂ‘F/FU‘GJ"(Q.E.S)'F-\TFlID 3)'TS"UN‘9.6 SD.RUMUN(‘?.G.!).
CeuliT .~umxncs.=.an.'<v1\c9.=.3).nuntulh;e.sa.rnrt(1n.3» Fatetig, 31,
Sal: YERTOUS g i)y SN109,3),50019,3),8R119,3),50AR119,2),570719,3),
Sult GAFRECUS),FFIACI) F.FJACI’).hFRAC(3).vF“AC(’).EFRIC(}).
K1Y sxcnus)19...3).rrnz~xtc.5.3) 1CMINLL9,5,3),FCHUR2(9,553),
TTeusTT T BIFNUN2(9,9,17, rtnlnzco.s.sn.15nrs(9.e.s). FFA(3,2,. 214
Y __IFFMURTI(9,5,3),F119,5,3),PFFL10,3) e
TheT coqvon/snxzcranculo.u) opLLVt1».:.2);ELEV«16.«.3);
yuoe !OFF&5C(lu.k);FéguNDOlﬂ),NUHCYL'll
Sby g "‘OFCF(10...3!..;0(:0#’110.3.3!.FPW.S.}).PEPOP(M.
9%y 7FPR°(J,Z'2'3, FFRNJ.Z.Z.}) FHﬁPIB.Z.Z.S) FV?“(’Q?;Z.S"
‘ TRELT T WFSRALD .‘.2.1).FRCDP(2 3,30,
: §52¢ SFFFRACLZ), rpoppas).rcanlss,rcn PSIFF,
LY L °—°eFSL(9o3.3).f&L(9.3.3).F3L(9 §TT
i ) 954 ¢ TTPLEID G FELUD43)4FESMLIS 3D
AL DIMENSION FRCR(2) FRCANUG) FRCFUZ) JFRCFI(2IFRCWNIZ) FRCHLI2),
} S5te e *FRCVI21,FRLVILE) (FRCEL2DFRCELI2) FRCFWI2),FRCFN112),
: TUésy e -FFIK(‘l.FFlKl(‘);PAPF1(2).BAEF¢(2).BAHF(¢)
§85s REAL MUJMIMUS, MUNGMIR MIN
’ 1 TTES9T T 00 2 W=14NREG
' yeoe SUMLEP UL K1}
j : TRerT T Sumdic.
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64 FSIKIFS(],.R)
$€5¢ PUIKZPIN#(lo=FSIKI®(Qe=FE(I,K))
SetE: PWIT,KIZPWIK
1 S€1: SUMISSUMZIPUIN
N 1 SUMIZSUMIF STRsPIX
9¢9 s Pull,KIzSUM]
GTe: Z PULLIUKIZTPOP(K)I=SUM2=PUW(]1,K)
$71: DO 2 K31,NRES
R P NRACLZARACLLIKT=1
$713;: PRIKIPALIC, M)
TN FRCCEFACSARVIICOPTIU,K) FRCOP(10+K3 yNRAD] 400 oK)
975 DETULLL A)ZFRCCOPUIV
STes FFRCFCFRCSRVIIFOF(L1O,K),FRFOP(I0,K) NRADL 00 ,K)
i 977: DETIC10,KIS(FFRCF=FRCCISPUINK
G786 F‘fﬁll'u‘Kl:l:‘c
979 FATO119,a)20,
SE.2 FATERS (1. =FFACFI*PUIK
$£1¢ FATE (1L KISFATEK
$8et 3 FATT(Ilusn)ZFATEK
983: 00 8 K=1,KREG
984z NFADISLRADLL (K =)
_98ss FUlORZPW (15K}
: Y T CUICAZCETUTIO M)
587 DIIGHSGITI(1,40)
Yads RFRCREZRFRACIN]
‘ 589 FFRCUZFFRECIK)
TT90T wWFRCAZWFRATIK)
$91: VFRCA=VFRAC(K)
LLFE] EFRCAELFRAC IR
$9 1 FRFACK=FRFRACIR)
$S4z: FFFRCRZFFFRACIN)
$95: FACK=FRCSHLIK)
$%c: o7 l:lgq
, 96 7T: IFUI.FLadINZY
; 987 TFTl Nt e TNSEZ™
9993 PWINZPWI] k)
Tuly: FITHI.KHD‘.
1unl: FATELI,X)=Q,
Tt FETRIT K YEQS
1.€3: FATO(I,K)=C,
—ICCYTT SKTUTIVRIED,
100¢ e SOI(f,4%)=0.
N IITH Sﬂﬁfonlzc.
16072 SBRItIX)=U,.
R U A E A AR LY
1cng: DO 10 J=1l,.6
1T YSHURT1I U RI=Ce
1411 TSMUN{I,JyK)2C.
112 TSMIR{1lJyK)ZQ0
1013 TSMIN(I UK )=S0 -
= I1C1%: RUNUR{T 0K V=0.
1018 RUMUNI(l,Jen 120,
. 3 Y RO TR ULV KI30.
1.1 lu RUFXN(I.J,H)=Oo
B Y T TF(FuirelLi.1E=€1G0 Y0 7
i 1019: 1CPZICSPUL k)
SR 120 FACFIFRCCP (1K)
)
P
‘ ¢
s 17 ¢ 73T QUADLTY PRACTICABLE
1‘\ RACRT AR R

- B N e -

e

¥




| st ai— e ..

RSV ST T g ot . PR SR W

A-41
1021 IFP=LFOPIIK)
15228 FRFPZFRFGP (I ,K)
S X ITP=IT0P(I,X)
_lg2us FRIPZFRICP(1,X)
1Les5: IFH.GI’.))GO 10 &
ok e PWPI] ¥)3Pulk
1027 FrCEX3L,
1622 50 To &
TIe2YTT @ FREEXTFRULINTTAI/FRCK
__lLrod PUP(1,K)ZPWIKFRCEX*PWIOK
full: S FOCCzFRCSRV(ICF ,FRCP ,NRAD1 400K}
10321 DETUINSFRKCCePWIK )
) DETUIT K 1=0ETUIKFRCEXSDULILNK
103« FRCFATSFRCSIVIIFPFRFP,HRAD1,0.,K)
B TR £ FRRIZFBUIK,1oN)
102 FORZZFRA(K,24M)}
IO FENIZFFR{K 14N
1,35 FFRIZFFRIK,2,4N)
1.35: FHRl:th‘K'l'.‘,
1ou0 FWR2ZFWR(K,2,N)
T lotit FYRIZFYRTA,1,%)
luez: FVRCSFUR(K 42,N)
T 8eTiT T FERTEIFERTK, 34N
1044 FERZ:FEa‘K'Z.."
lubs: FRIZFN(T K1)
luue: FW2SFW(Tyk,y2)
T oaoM T T T QUANIFRCFOPRFREK,B. FRCC
TR FECRILISLUANSFRRL* (1, -GUAN) *FRR2
TTILEFTT . FECRLILIDIZLG-FACRID)
1580 QUANZFKCPOPIRFRCK+FRCCFRCFAT)
10¢1: FRCRUTISWUANSFRR1I%(1.~GUAN)ISFRRZ
1082 FRCRI(2)21.-FRCR(2)
T16e3: GUANZFRCrOP (FFREX, 05 ,FREEY
1S4 FECF(1)ZCUANSFFR)e(1,-QUAMI®FFR2
T OlLESET T T O FARCFItLIZ).=FRTFLY)
105t QUANSFRCPOPIFFRCN 4FRCCLFRCFLT)
T iGei FOCF(S1SCUANSFFRISI1.=CUAN)ISFFRZ
10Sc: FRCF1(2)21.=FoCF(2)
T IGE s T GUANZFACPOPTWFACKTISIFRCLT
T YR) FACWI1IZCUANSFURL* (1, -QUANISFUR2
TTTICEfTTT FRCRIt1IZ1.=FRCUCTD
1062 QUAPZERCFOPCAFRCR FRCC,FRCFAT)
Toe3s FACwiTIzcUALsfuleo(l.~QUaNI®FWRZ
1LEu: FECW112)31,=FRCUL2)
TT 1G5 T SUANSFRCPOPTVFREK G oy FRCTY
1ute: FRCVI1)ZCUANSFYR e (1, -QUAN)*FVR2
TR TTT T FRCTVINLELTSFREVITY)
1.8e QUANZFRCFOP(VFRCK,FRCC,FRCFAT)
1C65: FRCVICISLUANCFVAL*l1.~GUANI®FVALZ
1C7Le FRCVI(ZIZ1a=FRCVID)
T T T GUARESFACPOPLEFRCR s s FRCTT
1272 FRCE(1)SGUANSFERL (), =QUAN)*FER2
T3 FECEL(LIETTSFREETT)
1074 QUANSFRCPOPIEFRCR FRCC,FRCFAT)
TTIUIST T FRCE T VUAMIFELFI (1. ~QUANISFERS
Ji%les FRCEL(2)31,-FRCELD)
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MYEH FFIR(IISFFIII® (1 =GUAN)
1075 FFIKI(1)Z],=FFIN(L])
T OTWRGTT  GUANIFPEP0P(FFFOCK,FRCCoFRCFAT)
1Pl FFIK(2)ISFF(I18(1,~GUAN)
TUIueds FEIRI(ZIZ1 ~FFIKT2)
1083 FRCSMZFF3M(])
ices: FRCSMI=l.=~FRCSH
1,85 FRCSSZFFSS(T)
T leebi T FRCSS1zi,-FRCSS
16078 D2 § uz1,2 e
B TVL R BARFLGUISFFIRYTJISFRCSS ’
10F7: BARFZCJISFFIKIJISFRCSM
icsu: 9 BARFIJICFFINI(JISFRCSSIFFIK(JI®FRCSML
1051: QUANZFRCPOP (FNFRCK,0,,FRCC) ,
TTIGS2T. . FACFRCITSCUANSFWI (T, -QUANI#F U2 ‘
1Wwess FRCFLl(1)Sl.=FnCFuUlL)
TTOIUSwT . QUANZFRCFCRIFWFACK FRCC,FOCFAT)
LSS FRCFWECIZCUNSFWlol]e=QUAN)SF WD
—ILsér FPCFali2icl.=FnCFui2) ’
10872 DETIIK(FRCFAT=FRCCIPWIK
TuSe DETTCI L RIZOETIIN FRCExsDI10K
1C99: FATBUI,K)IZ(1.~FRCFATI®PWIK
TTIILGT . FRCTEIFRESAVILITF ,FRTPNRADI CeyK) i
R AR ki TSS(FFCFAT=FRCTIaPK IR
Ploe: FTul=Fiuin)
1171 SUTIASTS#FTUL
bl S 0ol ¥ Rinias 112 S S SYS PL 17 5 (e
1179 SUNIKSCETUIR=-SUTIK+FRCEX®DULOX
TTLI0eY  SUnCI R ISSUNTK
1107 SITINZTISu(1l.=FTUL)
T4l st V{1 yR)ZSITIK
11 e SINIRIDETIIR=-SITIKFACEXSDILICK
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Appendix B

RATIONALE FOR ESTIMATES OF FRACTION RELOCATED (FCR)

PAM of the estimates of FCR for Program D Prime.

of PAM in Appendix B, Section B.l, of W.E. Strope and J.F. Devaney,

"relationship 6" in OR in the report.

inputs to the superordinate calculations.
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report; for example, "relationship 6" in OR in this Appendix refers to

; This Appendix presents the rationale for the input values used in the
v Program Analysis Model (PAM) to produce estimates of FCR for two programs:
D Prime and Paper Plans Only. In addition, it exhibits the calculatiom in

The structure of this Appendix follows that of the definitive description

Effectiveness of Civil Defense Systems, Center for Planning and Research, Inc.,
(June, 1979). The relationships referred to herein are those defined in that

This rationale starts with the calculation of FCR and proceeds to the

subordinate calculations tHat produce intermediate estimates which become
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B. 1 ESTIMATES FOR PROGRAM D PRIME

Fraction Relocated - FCR

In the process of estimating FCR, the relocation is analyzed in three
parts corresponding to the fractions of the Risk population that are planned
to relocate {a) as members of organizatioms, FCR;, (b) in autos as general
public, FCRE, and (c) requiring transportation, FCRE. These three fractions
add to 1.0 thereby accounting for the entire Risk population.

The fraction FCR; is estimated from K the fraction of the Risk

population associated with organizational ielocation, taken to include only
key workers and their dependents. For Program D Prime, given three-shift
operations in the Risk areas, the best estimate is that 8 percent of the Risk
population (20 percent of the work force) might be key workers. The low
estimate is 5 percent; the high estimate, 14 percent. Since the work force
constitutes 40 percent of the population, these estimates are multiplied by

2.5 to yield the estimates of FCR;. Then, in relationship 1,

Low Best High
FCR; =K 0.12 0.20 0.35

To obtain an estimate of FCRO: the fraction of the Risk population
trying to relocate as organizations, the effectiveness of organizational
relocation, Eo (to be discussed later), is brought forward from a subordinate
calculation. Then, in relationship 2,

Lov Best High
FCR; 0.12 0.20 0.35
Eo 0.90 0.93 0.94
¢ FCRo = Eo . FCR; 0.11 0.19 0.33
I
'
3 SN
! -
|
;I}\ .
) - ] e e




Because most of the Risk population resides in urbanized areas, K2’

the fraction of the Risk population having one or more automobiles, is taken
equal to the Census estimate for all urbanized areas: 80 percent. Nominally,
then, 20 percent of the general public would require transportation in order
to relocate. However, the most recent national probability sample (Nehnevajsa,
1979) indicates that fully two~thirds without an auto claim that they would

get a ride with relatives, friends, or neighbors. This factor 1s introduced

AR,

§ as KS and the survey result taken as the high estimate. For the "best" estimate,
% it is assumed that only half the group claiming a ride actually get one. The

? low estimate is that none realize their hope. Then in relationship 3,

‘ Low Best High

: K, 0.12 0.20 0.35

#y K, 0.80 0.80 0.80

4 5 - wm 0w

FCRL=K, (1-K, )+K (1-K,) (1-K,)0.70 0.69 0.61

éi To obtain an estimate of FCRf: the fraction of the Risk population

trying to relocate in private autos, the effectiveness of relocating in autos,

Ef, is brought forward. Then, in relationship 4,

Low Best High
FCRE 0.70 0.69 0.61
Eg 0.80 0.88 0.91
= . M
FCR, = E. * FCRg 0.56 0.61 0.56

The fraction of the Risk population requiring public transportationmn,
FCR&, is also found from K,, K,, and K¢ in relationship 5.

Low Best High
FCR =(1-K,) (1-K,) (1-K¢) 0.18 0.11 0.04

To find the fraction trying to relocate in public transport, FCRt, E
is brought forward and, in relationship 6,

t
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Low Best High
FCRL 0.18 0.11 0.04
Et 0.51 0.70 ’ 0.84 3
= . v
FCRt Et FCRt 0.09 0.08 .0.03

The fraction of the whole Risk population trying to move (Ecr) would
be the sum of the three: FCRo + FCR

8

£ + FCRt if there were nothing impeding :
the relocation movement. Traffic could be slowed or stopped if traffic control
or the removal of disabled vehicles were less than fully adequate. Little hard
data exist on which to base estimates of the fraction of the relocating
population that might be deterred or prevented from leaving the Risk areas in 4
1 a 3-day period through inadequacies in the performance of these functioms.

. However, potentially important factors in many Risk areas involve the planning,
b training, and exercise of services needed to direct and expedite relocation

|, traffic and clear routes of disablements. With respect to disablements, it }
was judged that 70, 75, 80* percent of the Risk population would be provided %
with adequate clearance capability (RK) by the completion of Program D Prime. %

The estimate for traffic control (LF) was 85, 90, 95 percent.

Physical movement out of the numerous smaller urbanized areas is a

trivial problem. Henderson** estimates that about 60 percent of the total Risk
population could be out in one day; 85 percent in two days. Everyone could

be out in three days, except for some fraction of the population of the very

large conurbations, such as New York City and Los Angeles. (The latter are !
handled separately in this calculation as FCRe). The foregoing estimates are é
based on maintaining practical road capacities 20 out of every 24 hours or

50 minutes out of every hour.

The effect of disablements is known to be similar to more regular

impediments such as traffic signals, where it has been determined that

L]

J capacities are reduced in direct ratio to the period of red signalization.
.0

'

®
This is a typographical convention used in this report to signify: Low
Estimate = 70 percent, Best Estimate = 75 percent, and High Estimate = 80
PR S percent.
]

** Personal Communication.
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Hence, if a disablement occurs each hour and requires 5 minutes to clear,
traffic flow is reduced to 55/60 or 92 percent of unimpeded flow. Lack of

road clearance capability can increase clearance time sharply and hence

reduce flow dramatically. However, this problem is unlikely to prevent full
relocation except for the movement on the third day that would be required !;
in large cities. The effect of traffic delays in deterring people from ’
attempting to relocate is unknown. It was judged that without adequate
road clearance capability, 5, 10, 15 percent of the Risk population might
be prevented or deterred from leaving (ARK).

The lack of traffic management, including traffic control, barricades,
one-way outbound procedures where needed, and guidance to the relocating public
that maintains traffic flow at near-capacity levels, was judged to have more 1
impact, with an estimated 30, 35, 40 percent of the Risk population not
relocating in its absence (ALF). Then, in relationship 7, 1

Low Best High . H
FCR 0.11 0.19 0.33 ;
FCR, 0.70 0.69 0.61 :
FCR, 0.09 0.08 0.03
RK 0.70 0.75 0.80
ARK 0.15 0.10 0.05
LF 0.85 0.90 0.95
ALF 0.40 0.35 0.30
E. = (FCR_+FCR +FCR )
{1-ARK(1-RK) }{1-ALF(1-LF) } 0.68 0.83 0.90

For use in the casualty assessment, the key workers on duty in the Risk
areas must be deducted from this result. The estimate of XK is obtained by
dividing the previous estimate of total key workers by three and rounding
upward to account for people in the area on a staggered shift-change basis.
The high estimate of 5 percent of the Risk population is matched against the
lowest estimate of FCRn. Then, in relationship 8,
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Low Best High
E 0.68 0.83 0.90
er
XK 0.05 0.03 0.02
FCR, = E - X 0.63 0.80 0.88

Two-thirds of the Risk population reside in the northerly part of the

country where a majority of homes have basements. This fraction is taken as
1 that subject to adverse weather in the form of snow and ice. It is estimated
that relocation would be severely inhibited for this group during 5, 10, 15
days per year. Then, in relationship 9,

Low Best High

FP 0.67 0.67 0.67

) P, 0.04 0.03 0.01
Ky = FP_ * P 0.03 0.02 0.01

Studies have shown that certain very large metropolitan areas cannot
be evacuated completely in a 3-day period. The New York metropolitan area
1 could be evacuated in 3.5 days. The most difficult is Los Angeles where 25
percent would not be out in three days. These estimates do not account for
any spontaneous evacuation prior to the evacuation order, which would reduce
i the relocation time for the remainder. The estimates of FCRe are brought
forward from a subordinate calculation. Relocation after the third day would
affect the casualty assessment only if the attack occurred at about three days.
E It was judged that there might be a 50-50 chance of insufficient time, Pe’
with a range of 25 to 75 percent. Then, in relationship 10,

Low Best High
FCRe 0.07 0.04 0.01
?, 0.5 050 0.25

KA = FCRe . Pe 0.05 0.02 -

ST AT A Sk




e T T T

When FCRn is adjusted for K
FCR in relationship 11,

3 and K4, the result is the estimate of

Lov Best High

FCR_ 0.63 0.80 0.88

K, 0.03 0.02 0.01

Ky 0.05 0.02 il

FCR = FCR_(1-K)(1-K,)  0.58 0.77 0.87

Movement Effectiveness - Organization (Eo)

The basic factors affecting Eo are the fraction of the organizational
population willing and able to relocate (CR), the effect of a Presidential
declaration (DD), and the adequacy of organization plans to provide trans-
portation (XA). Because organizational relocation was confined to key workers
and dependents, organization plans and resources were estimated to be completely
adequate at completion of Program D Prime. The transportation adequacy (Cc)
was judged to be 100 percent without a detailed analysis of the interplay
between organization-supplied vehicles and fuel, private vehicles, and trans-
port supplied by local government to cover short-falls. The estimate of the
fraction of the organization population willing to relocate, CR, is brought

forward from a subordinate calculation.

It is possible that some fraction of the organizational population would
be unable to relocate as scheduled because of sudden illness or accident to a
key worker or family member (KZ)' This factor is judged to involve 1 percent
of this population. Then, in relationship 7,

Low ' Best High

CR 0.91 0.94 0.95

K, 0.01 0.01 0.01

E' = CR * K 0.90 0.93 0.94
o 2

(i ki
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These estimates assume that a Presidential order occurs; that is, ?

DD equals 1.0. Should it not occur, it is judged that 65, 85, 95 percent

of the organizational group would remain on the job and would not relocate

spontaneously (ADD). Then, in relationship 8, !
Low Best High r
E! 0.90 0.93 0.94 {
C. 1.00 1.00 1.00
DD 1.00 1.00 1.00 ‘
ADD_ 0.95 0.85 0.65
E = E(')-Cc{l—ADDo(l-DD)} 0.90 0.93 0.94 |

Movement Effectiveness -~ With Auto (Ef)

The fraction of the public planned to move in private automobiles who
are ready and willing to move (OR) is found in a subordinate calculation. |
The fraction of these who potentially have transportation (OCE',0CM') is
‘ 1.00, by definition. However, to have transportation when it is needed, 4

they must have, at least, operable vehicles and fuel for them. Some

fraction of the vehicles (Kl) might be unusable at the time of a Presi- +
dential declaration because of malfunction, accident damage, and the like.
This factor was judged to affect 2, 3, 5 percent of the auto population.
Hence, the fraction with autos that would operate is found in relationship 2, *
Low Best High |
OCE' 1.00 1.00 1.00
K, 0.95 0.97 0.98 L
OCE = Kl-OCE' 0.95 0.97 0.98

It is estimated that resources for fueling and supplying this group (RB)
' would be available to 90, 95, 100 percent even after a Presidential
i. . declaration, based on work by Henderson et al * and the anticipated adequacy
' of pians at the completion of Program D Prime. At the same time, it was judged
L]

that lack of such resources would prevent only 15, 20, 25 percent of the auto

’, * C.D. Henderson, W.E. Strope, and C.T. Rainey, The Feasibility of Crisis N
' Relocation in the Northeast Corridor, Stanford Research Institute,
(December 1976).
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public from relocating (ARB) because the EPI campaign would have caused the
others to maintain a nearly-full tank of fuel. Then, in relationship 4,

Low Best High

ocM! 1.00 1.00 1.00

RB 0.90 0.95 1.00

ARB 0.25 0.20 0.15

OCM = OCM'{1-ARB(1-RB)} 0.98 0.99 1.00

Many of those few without adequate fuel would still be able to leave
the risk area on what they had although they would require refueling on the
journey. It is estimated that only 15, 20, 25 percent would be prevented
from leaving the risk area by inadequate supplies (AOCM). Then, in
relationship 5,

Low Best High

OCE 0.95 0.97 0.98

OCM 0.98 0.99 1.00

AocM 0.25 0.20 0.15

0C = OCE{l-AoCM(1-0cM)} 0.95 0.97 0.98

Finally, members of the auto public who are unable to relocate because
of auto breakdowns or inadequate supplies are advised in EPI materials to go
to the nearest school or other collecting point for bus transportation, as
are all those dependent on public transportation. They would have the same
chance of relocation as thoge without autos. Hence, RC values are brought
forward and combined with the estimates of OC to yield Cf, the fraction of
the auto public actually provided with transport out of the risk areas, in
relationship 6,

Low Best ' High

oc 0.95 0.97 0.98

RC 0.80 0.88 0.95

C¢ = OC+RC-OC*RC 0.99 1.00 1.00
. e e 1 st o
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The fraction of the auto population that might be unable to relocate
at the time through sudden illness or accident, is estimated to be 1 percent,
as was the case with the organizational population. If no Presidential order
were promulgated, it was judged that two-thirds of the auto population (ADDf),
would have remained in the Risk areas, with a range of uncertaintyof 55,
67, 79 percent. Then, assuming that a Presidential declaration occurred
(DD = 1.00), in relationships 7 and 8,

Low Best High

OR 0.82 0.89 0.92

K, 0.0p 0.0 9.01

(7) E; = OR(1-K,) 0.81 0.88 0.91
DD 1.00 1.00 1.00

ADD 0.79 0.67 0.55

Ce 0.99 1.00 1.00

(8) Eg = E%°Cf{l—ADDf(1-DD)} 0.80 0.88 0.91

Movement Effectiveness-Supplied Transport (Et)

Movement of that part of the public planned to move in transportation J"
supplied by civil defense would be organized and controlled by an emergency

service called the warden service in this analysis. The current guidance for

crisis relocation planning recommends use of public schools as the collecting
points and school personnel to receive relocatees, make requests for bus
transport, make school facilities available while waiting, and load the buses.
For this purpose, the school facilities (WEF) and telephone communications (WEC)
are judged fully adequate. Hence, WE', the potential capability to provide
public transportation, is equal to WES, the fraction of the autoless risk
population with an organized movement staff at the completion of Program D
Prime, given a one~week surge period. This fraction is estimated to be 85, 90,
95 percent. Exercise of this operation, PI, is an important component of

Program D Prime. It is estimated that organizations covering 80, 85, 90 percent
of the risk population will have been exercised within the past year. On the :
other hand, such joint service exercises are not seen as important to the warden 5

i f.

.- N et
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service (API); only 10, 15, 20 percent of the potential effectiveness would
be lost without them. The provision of transport is seen as most important
(ARC); 50, 65, 80 percent of the potential effectiveness would be lost if an
ad hoc arrangement for transport had to be brought into being.

The estimate of capability to transport these people (RC) 1is brought
forward from a subordinate calculation. This is judged important; only 20,
35, 50 percent of the people could be moved without it (ARC). The capability
of the police to maintain order at the loading points is judged complete
(LE = 1.00) and, therefore, ALE is not material to the estimate. The fraction
of the risk population with adequate communications between local government
EOCs and the collecting points (DX) is estimated to be 90, 95, 100 percent at
the completion of Program D Prime. Lack of this capability would degrade the
potential effectiveness by 10, 20, 30 percent (ADX). Finally, the coverage of
adequate operations plans (PB) is estimated to be nearly complete at completion
of Program D Prime and fairly important (APB). Then, in relatiomship 8,

low  Best High

WE' 0.85 0.90 0.95
PI 0.80 0.85 0.90
API 0.20 0.15 0.10
RC 0.80 0.88 0.95
ARC 0.80 0.65 0.50
LE 1.00 1.00 1.00
ALE NOT MATERIAL
DX 0.90 0.95 1.00
ADX 0.30 0.20 0.10
PB 0.95 0.98 1.00
APB 0.70 0.60 0.50

WE = WE' {1-API(1-PI)}{1-ARC(1-RC)}
1-ALE(1-LE) }{1-ADX(1-DX) }
1-APB(1~PB)} 0.64 0.79 0.92
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The fraction of the autoless population ready to move, OR, is estimated

to be the same as for the general public with autos. Again, one percent of
the population is estimated to be unable to move. Hence, E' is equal to Eé. i
Et is the product of Eé and WE when there is a Presidential order to relocate h

(DD equals 1.0). Lacking such an order, relatively few of the autoless public

o g o S

would relocate on their own; 80, 90, 98 percent would remain in the risk areas.
Then, in relationship 10,

e

Low Best Bigh
Eé = E% 0.80 0.88 0.91
WE 0.64 0.79 0.92
DD 1.00 1.00 1.00
ADD 0.93 0.90 0.80

t — — —_—

_ : E, = E;:'WE{I-ADDt(l-DD)} 0.51 0.70 0.84

.o mrey et

Fraction Unable to Relocate Because of Insufficient Time (FCRe)

The fraction of the risk population potentially unable to relocate in
a three-day period (FCR;) is believed to reside in the very large metropolitan
areas. As noted earlier, some 600,000 people in the New York City area and
2.5 million people in the Los Angeles area have been identified in this group
in feasibility studies. This group amounts to two percent of the risk population.
which is taken as the low estimate. The high estimate is taken to be four ctimes
as great to account for other competing metropolitan areas in the New York and
Los Angeles areas as well as possible problems in other large metropolitan areas,
such as Chicago, Philadelphia, and San Francisco. The best estimate is taken to
be midway between these two extremes. The effect of spontaneous evacuation
before a Presidential order would be to relieve the highway congestion for the

? residual population. Thus, FCR‘ is taken to be FCR; reduced by the fraction
relocating spontaneously.

¢
l The fractions of the Risk population relocating spontaneously (FCRS) are

f U estimated from the fractions planned to relocate in each group and the effect

! of a Presidential declaration omn that group. Then, in relationship 1,




FCRé 0.12 0.20

ADDo 0.95 0.85
- ‘e -
FCRso FCRb 1 ADDO) 0.01 0.03
In relationship 2,
Low Best
FCR% 0.70 0.69
ADDf 0.79 0.67
= ' -
FCRsf FCRf(l ADDf) 0.15 0.23
In relationship 3,
Low Best
FCRL 0.18 0.11
ADDt 0.98 0.90
- (1~ -
FCRst FCRt(l ADDt) 0.01
Then, in relationship 4
Low Best
FCRs = FCRS°+FCRsf+FCRst 0.16 0.27

Taking FCR; as the fraction unable to relocate within three days if

there were no spontaneous relocation, in relationship 5,

Low Best

FCR; 0.08 0.05

FCR, 0.16 0.27

FCR_ = FCR'(1-FCR ) 0.07 0.04
e e s

0.40
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i Fraction of Organization Population Ready and Willing to Move (CR)

The potential willingness of the organizational population to relocate,
CR', is determined by the perceived adequacy of the organization plans or by

the impact of governmental emergency public information and media coverage,
Ic’ but degraded by the fraction who would refuse to relocate under any

! circumstances, K5. Since organization plans are judged completely adequate
! and the effect of EPI is also high, CR' is judged to include everyone except
g those who would not relocate under any circumstances, KS' The estimate of 5
percent for KS is based on the recent public attitudes survey (Nehnevajsa,
1979). Then, in relationship 3,

Low Best High

_ XA 1.00 1.00 1.00
Ks 0.05 0.05 0.05

’ I, 0.67 0.80 0.90

CR' = (XA+I -XA-I)(1-K;) 0.95 0.95 0.95

The organizational population needs specific instructions for relocation,
such as the location of the organization's relocation site, form of tramsport,
routes, relocation schedules, and identification materials. These instructions
are to be provided by management but also can be provided by fellow employees
and by the local civil defense organization (D&C). Since the availability of
this information in organizational movement plans, XA, is judged complete, all
managements would be trying to provide the information to key workers (CM').
The effectiveness of management in this task is judged very high, reaching 94,
97, 100 percent of the organizational population. Then, in relationship 2,

Low Best High
CM' = XA 1.00 1.00 1.00
R

CM = KI.CM' 0.94 0.97 1.00

- R N ot e ]
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It is estimated that 30, 35, 40 percent of the willing population, CR',
would be active in informing fellow workers (Ka). It is judged that each
of this group (CW') would inform two others (Kz). Then, in relationships

4 and 5,

' Low Best High
; CR' 0.95 0.95 0.95
K4 0.30 0.35 0.40

(4) CW' = Ka'CR'
K2 2.00 2.00 2:00
L (5) CW = CW'(1+K2) 0.84 0.99 1.00

Each worker needs to be informed but once. Then, in relationship 6,

‘ Low Best High
{ : cM 0.94 0.97 1.00
' cw 0.84 0.99 1.00
E_ = CMHCH-CMeCW 0.99 1.00 1.00

f The contribution of EPI to this task, Ed, is considered negligible

although most of the organizationmal public is provided with an adequate CD

public information capability (DS ). This is because it seems unlikely that
specific instructions for organizational relocation would be included in the
guidance for the general public. Therefore Es, the fraction of the organizational
public given specific instructions, is equal to Ec; that is, they are all

informed within the organization.

: Since the willingness of the organizational population to relocate as

z members of the organization, CR', is independent of the provision of specific
{ » instructions, Es’ the fraction in a position to relocate, CR, would be the

¢ product of these two factors if no other factors intervened. Two such factors
f

are believed to be important; namely, the perception of preparations for

[
l § reception and care and for sheltering in the host areas that the population
1
'
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forms as a result of media coverage of these preparations. It is estimated
that at the completion of Program D Prime the news of adequate hosting
preparations would be positive with respect to reception and care for 85, 90,
95 percent of the population (WX) and, with respect to sheltering, for 80,

85, 90 percent of the population (SH). The organizational population, however,
has been informed by the organization that special arrangements are being made
for them. Hence, it was judged that negative information on the hosting status
for the general public would dissuade only a small portion (0, 5, 10 percent)
of organizational relocatees. Then, in relationship 9,

Low Best High
CR' 0.95 0.95 0.95
E, = E, 0.99 1.00 1.00
WX 0.85 0.90 0.95
AWX 0.10 0.05 -
SH 0.80 0.85 0.90
ASH 0.10 0.05 -
CR = CR'*E_{1- WX(1-WX) H1-ASH(1-SH)} 0.91 0.94 0.95

Fraction of Public Ready and Willing to Move (OR)

The fraction of the auto public with an adequate CD public information
capability (DS), is the same as the organizational public: 95, 98, 100 percent.
But, whereas the effectiveness of this capability in informing the organizatiomal
population was considered negligible, it is judged to be highly effective in
reaching the general public (K1 = 90, 95, 98 percent) through TV, radio, and
newspaper supplements. Then, in relationship 1,

Low Best High

DS 0.95 0.98 1.00

K, 0.90 0.95 0.98

E. = K DS 0.86 0.93 0.98
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The police (and, to some extent, the fire service as well) also have a
high potential capability (LK') of reaching the public by distributing CRP
materials and by using loud-hailers on patrol cars when the relocation order
is given. This is a common activity for the police in peacetime disasters.
Whether this potential capability would be used depends in part on whether
the action would be planned for in operations plans at the completion of
Program D Prime (PB). It is estimated that plans would provide for this
activity in jurisdictions accounting for 75, 85, 95 percent of the risk
population. On the other hand, it was judged that police in most localitieq
would perform this function even if it were not specifically planned because
of the peacetime disaster precedent. That is, only 20, 35, 50 percent of the
population would not be covered without such plans (APB). Because of various
factors, the effectiveness of the public safety forces in reaching the auto
population is judged to be less than the EPI campaign; namely, 70, 80, 90

percent coverage. Then, in relations 2 and 3,

low  Best  High

LK' 0.90 0.95 1.00

PB 0.75 0.85 0.95

APB 0.50 0.35 0.20

(2) IK = IK' 1- PB(1-PB)  0.79 0.90 0.99
) 0.70 0.8 9.%0

(3 E, = K,°LK 0.55 0.72 0.89

L 2

Another route for informing the public is called the Warden Service.
Lacking a CD warden on every block, which is not presently anticipated under
Program D Prime, one can consider the use of the shelter managers, shelter
monitors, and Shelter Manager Officers that are planned to be trained in
Program D Prime. If these personnel were assigned the function of informing
the public, it is estimated that the potential capability could reach 85,
94, 100 percent of the risk public (WY'). The likelihood that this activity
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would be planned for (PB) is judged to be the same as for the police but the
importance of such planning is judged higher than before; 65, 80, 90 percent
of shelter CD personnel would not engage in the informing of the public on
crisis relocation unless the activity had been planned (APB). As a result,
the anticipated fraction of the auto public that could be reached by this
means is calculated to range from 66 to 97 percent. The effectiveness of
this means in informing the public is judged somewhat less than the police -~
60. 70, 80 percent. Then, in relationships 4 and 5,

Low Best High
wy' 0.85 0.94 1.00
PB 0.75 0.85 0.95
APB 0.90 0.80 0.65
(4) WY = WY'{1-APB(1-PB)} 0.66 0.83 0.97
K, 0.60 0.70 0.80
(5) E, = Ky°WY 0.40 0.58 0.77

The final means by which the auto population may be informed is by the
interaction or "contagion”" effect with the population itself. The basis for
this activity is that fraction of the population that is favorably disposed
toward relocation (OR'). This disposition can be brought about by exposure
to the EPI materials on crisis relocation plans (Ic) and by the more general
public information activities of the government through the mass media (DS).
The coverage of the latter is judged to be somewhat higher than the effective-
ness in delivering specific imstruction (Ed); namely, 92, 95, 97 percent.
The fraction of the population prepared to relocate through exposure to the
EPI material (IC) is judged to range from 67, 80, 90 percent (Ic)' The
combinations of these influences must be reduced by the fraction of the risk
population who would not relocate in any event (K6), which 1is taken to be 5

parcent, as before. Then, in relationship 6,
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Low  Best  High
DS 0.92 0.95 0.97
Ic 0.67 0.80 0.90
K6 0.05 0.05 9;22
OR' = (DS+IC-DS'IC)(1-K6) 0.92 0.94 0.95

Of those who are willing to move (OR'), 30, 35, 40 percent are expected
to try to inform others (Ks). Hence, 28, 33, 38 percent of the auto
population would inform others (0S) and each is expected to inform two
others (Ké)' Then, in relationships 7 and 8,

Low Best High ]
OR' 0.92 0.94 0.95
Ks 0.30 0.35 0.40

) 0S = Ry*OR' 0.28 0.33 0.38
K, 2.00 2.00 2.00

(8) E_ = 0S+K,+0S 0.84 0.99 1.00

Many will be informed by multiple means. The total effectiveness in
providing specific information, Es’ is thus the sum of the four means, less
the double products, plus the triple products, and less the quadruple product: r
the redundancy formulation. In relationship 9,

Low Best High
Es = Ed+E£+Ew+Eo-EdE2—°"'EdEzEwEo 0.99 1.00 1.00

As with the organizational population, the fraction of the public ready
to move, OR, is the product of the willing public, OR', and the effectiveness

in providing specific instructions, Es, as degraded by the possible dissuading
effects of their perceptions resulting from negative information on conditions
in the host areas (WX and SH). The estimates of the fraction of the public

receiving positive information on host area preparations at the completion of

. ««v"vm’(;‘wﬂff £,
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Program D Prime are the same as for the organizational population but the
influence of negative information is judged much higher for this group; 15,
20, 30 percent might be dissuaded by perceived poor reception and care
preparations (AWX) and 20, 25, 35 percent by perceived lack of fallout
protection (ASH). Then, in relationship 10,

Low Best High

OR' 0.92 0.94 0.95

E, 0.99 1.00 1.00

WX 0.85 0.90 0.95

AWX 0.30 0.20 0.15

SH 0.80 0.85 0.90

ASH 0.35 0.25 0.20

OR = OR"Es{l-wa(l-WX)}{l—ASH(l-SH)} 0.82 0.89 0.92

Supplied Transport Capability (RC)

In estimating the capability to transport people in supplied transport,
the equipment, staff, and communications for this purpose are considered
generally adequate based on current feasibility studies. Hence, RC' is
taken in relationship 10 to range from 85 to 95 percent. System exercises
are anticipated nearly everywhere (PI equals 90, 95, 100 percent) and the
importance of such exercises is seen as somewhat greater than to the warden
service (API equals 20, 25, 30 percent). Communications between local government
EOCs and the bus operators (DY) is estimated to be completely adequate; hence,
no estimate is made of ADY. Finally, the adequacy of operational plans for
this activity (PB) is estimated to be very high (95, 98, 100 percent) at the
completion of Program D Prime. The need for plans is seen as very ‘mportant;
50, 60, 70 percent of the potential transport capability would be lost without
them (APB). Then, in relat;onship 11,

- N et - - . P
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' , Low Best High
RC' 0.85 0.90 0.95
PI 0.90 0.95 1.00
API 0.30 0.25 0.20
DY 1.00 1.00 1.00
ADY NOT MATERIAL
PB 0.95 0.98 1.00 ‘
APB 0.70 0.60 0.50 4
RC = RC'{1-API(1-PI)}{1-ADY(1-DY)} -
{1-APB(1-PB) } 0.80 0.83 0.95

B.2 ESTIMATES FOR PAPER PLANS ONLY PROGRAM

The following presents only the input values for estimating FCR for
the Paper Plans Only Program that differ from those used for the Program D
Prime estimates. All other inputs to the Paper Plans Only calculation are

the same as for Program D Prime.

Fraction Relocated (FCR)

The estimated effectiveness of road clearance (RK) is reduced to 30,

40, 50 percent and that of police traffic control (LF) to 30, 40, 50 percent,

chiefly because of (a) the inability to prepare adequate operations plans
and exercise the system for training, and (b) lack of control by D&C. The
fraction not able to relocate because of insufficient time (FCRe) is reduced
to zero because the low system effectiveness achieved by this program would
afford ample opportunity for all those relocating to accomplish the move

-} within the three-day limit.

’
i : Movement Effectiveness - Organizatioms (Eo)
L J

R The estimated materials supply capability for transporting the people(RB)

is reduced to 30, 40, 50 percent because the program would not allow for

) > adequate arrangements to assure materials availability. Now the importance

of this activity becomes appreciable; 1t is judged that only 75, 80, 85 percent of
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the service stations would be operating because of inadequate plans and
coordination (ARB = 25, 20, 15 percent). Similarly, it is judged that the
inability to coordinate organization plans adequately would limit the

e

availability of vehicles for the organization people (CCE') to the same degree as
for the Risk area population generally (80 percent). In addition, the

deficiency in fuel supply (PB) would adversely affect the ability of

o O v

. organization vehicles to supply transport so that only 75, 80, 85 percent ;
‘ of those available could be operated (ACCM = 25, 20, 15 percent). It is £
also judged that inadequacy in operational planning and coordination would

result in no supplied transport available for organizations (RC = 0).

it 4

Movement Effectiveness - With Auto (Ef)

. The adequacy of fuel supply (RB) and its effect (ARB) are taken the same
‘ as for Eo' However, the effect of fuel availability is judged more severe for
1 the general public than for organization people (AOCM = 50, 40, 30 percent).

-

Movement Effectiveness - Supplied Transport (Et)

Because of inadequate operations planning and staffing, the potential :
capability of civil defense to conduct a relocation with supplied transport
(WE') is reduced to 30, 40, 50 percent. In addition, because this option does
not provide for system exercise for training ¢(PI), the ability of D&C to inform
the system (coordinate the transportation activity) (DX) is reduced to 60, 70,
80 percent. And the adequacy of operations planning (PB) for the transportation
activity is judged to be no more than 30, 40, 50 percent.

Fraction Unable to Relocate Because of Insufficient Time (FCRe)

Because of the low effectiveness of the system, all of the people could

i relocate within the three days (FCR; = (0) and the fraction relocating

spontaneously is no longer pertinent. This calculation is omitted.
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Fraction of Organization Population Ready and Willing to Move (CR)

Because this option does not provide adequately for promotion of
organization relocation, the fraction of the organization population with
plans (XA) is reduced to 30, 40, 45 percent. In addition, inadequate
preparation for public information is judged to reduce its effectiveness
(Ic) by half. 1Inability to prepare adequately for emergency operations is
judged to reduce host capability to prepare for reception and care (WX) to
55, 60, 65 percent. Similarly, host area capability to provide shelter
(SH) is judged to be reduced to 0, 5, 10 percent.

Fraction of Public Ready and Willing to Move (OR)

. The relative effectiveness of crisis relocation information activities to
inform the public (DS) about the specific features of the actual relocation at
the time it was occurring would be reduced to 60, 70, 80 percent because of
inadequate information preparations. Again, inadequate provision in the Paper
Plans Only program for operations planning would reduce the adequacy of plans
for police participation (PB) to 25, 30, 35 percent. This program does not
provide for recruiting, training, and organizing what is termed here a warden
service, so Ew = 0. The capability of D&C for general public information (DS)
was judged to be no more than 70, 80, 90 percent. Host area capabilities for
providing reception and care (WX) and shelter (SH) were taken the same as for
calculating CR.

Supplied Transport Capability (RC)

As noted earlier on, the Paper Plans Only program does not provide for
, system exercise; therefore, PI = 0. The ability of D&C to inform the system
' (DY) is taken the same as DX for calculating Et: 60, 70, 80 percent compared
-!o . to 100 percent for D Prime. Now ADY is material and is judged to be 100 percent
|

because all coordination would have to be done during the movement.
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B.3 COMPARISON OF-RESULTS

To demonstrate the effects of the above differences in inputs to the
FCR part of PAM between D Prime and Paper Plans Only, the calculated

intermediate and final output values are compared:

[«]
e e st bt

Code Program D Prime Paper Plans Only

FCR 0.58 - 0.77 - 0.87 0.16 ~ 0.39 - 0.50

E 0.90 - 0.93 - 0094 0.21 - 0035 - 0045

E¢ 0.80 - 0.88 - 0.91 0.53 - 0.72 - 0.83

E, 0.51 - 0.70 -~ 0.84 0.02 - 0.08 - 0.20

FCR, 0.07 - 0.04 - 0.01 - - -

; CR 0.91 - 0.94 - 0.95 0.29 - 0.46 - 0.59

t OR 0.82 - 0.89 - 0.92 0.61 - 0.78 - 0.86
. RC 0.80 - 0.88 - 0.95 0.18 - 0.30 - 0.46 1
|
1
1
{

L]




b‘
¢

s
¢

| AW

—

Appendix C
FRACTIONS OF POPULATION IN SHELTER (FP)

IN OPEN (FE) AND AT RANDOM (FS)
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Appendix C

FRACTIONS OF POPULATION IN SHELTER (FP)
IN OPEN (FE) AND AT RANDOM (FS)

This Appendix presents the rationale for the input values used in the
Program Analysis Model (PAM) for two programs: D Prime and Current Capability
Maintained. 1In addition, it exhibits the calculation in PAM of the estimates
of FP, FE, and FS for Program D Prime.

The structure of this Appendix follows that of the definitive description
of PAM in Appendix B, Section B.2, of W.E. Strope and J.F. Devaney,

Effectiveness of Civil Defense Systems, Center for Planning and Research, Inc.,

(June 1979). The relationships referred to herein are those defined in that

report; for example "relationship 6" in FMS, in this Appendix refers to

i
“relationship 6" in FMSi in the report.

This rationale starts with the calculation of the distributions over
time of the fractions in shelter (FP), in open (FE), and at random in buildings
(FS). It then discusses warning effectiveness and concludes with the specific
values of FP, FE, and FS for use as input parameters for MCPOPDEF in this study.
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C.1 ESTIMATES FOR PROGRAM D PRIME

Distributions of Population in Shelter (FPit)' in Open (FEit), and at Random (Fsit)

Estimates of FP, , FE ¢’ and Fsit are derived from population

it i
distributions calculated for three sets of conditions:
Low Best High
Warning System CHAT CHAT CHAT
Preparedness B 0.41 0.925 0.925
Population Distribution Normal Normal Uniform

According to Moon,* the value of o for calculating the distribution of
the fraction deciding to go to shelter f(td) is 1.0. Thevalue of B' for
calculating the distribution of the fraction of the population starting to
move to shelter f(tp) is 1.0. Then, in relationship 4,

Low Best High

B! 1.00 1.00 1.00

I 0.20 0.90 0.90

oL, 0.75 0.75 0.75

B=g"'{1l - AL (1 - Ib)} 0.41 0.925 0.925

The distributions of f(tw) obtained by convoluting f(ts) and f(tp) in
relationship 5 are shown in Figure C.1l.

Distributions of f(tm) used for this study are representative
distributions calculated for similar conditions using two geographic
distributions of the population (before moving to shelter):

Normal: in which they are taken to be at distances normally

distributed along the radius from the shelter, a distribution
found to exist radially from the center of some cities.

: %
! A.E. Moon, Population in Shelter, Stanford Research Institute (November, 1965).
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Uniform: in which they are taken to be distributed uniformly
throughout the area served by the shelter.
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FIGURE C.1 DISTRIBUTION OF FRACTION OF
POPULATION MOVING TO SHELTER
When these estimates of f(tm) are convoluted with those of f(tw) in *

relationship 8, estimates of FP FE e’ and Fsit (fractions of FMSi) are as

ie* "7
shown in Figure C.2.

Appropriate values from Figure C.2 are applied to estimates of FMS 1
obtained from a subordinate calculation to obtain final estimates of FP,
FE, and FS. This will be discussed later on.

Fraction Going to Shelter (FMS 1)

Program D Prime would provide both NAWAS and CHAT warning capabilities.
The fraction of the population who could be warned by each of these systems
is brought forward from subordinate calculations. Then, in relationship 1,
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C-5
Low Best High
Esn 0.55 0.70 0.86
| | sc 0.85 0.95 0.99
H Es - Esn + Esc - Esn . Esc 0.93 0.98 1.00

s

The estimate of police warning capability (LK) is the same as used for
calculating FCR but their effectiveness (Kl) is judged to be lower because

e~

of the shorter time frame. Then, in relationship 3,

{ _ Low Best High
LK 0.79 0.90 0.99
: Ky 0.20 0.25 0.30
: { E, = K, * IK 0.16 0.23 0.30

The capability of wardens (WY) is taken to be half that used for FCR
¢ because some of them would likely be preparing the shelters for occupancy.
But the effectiveness of those attempting to warn (K2) is taken the same as
for FCR. Then, in relationship 5,

Low Best High

} wY 0.33 0.42 0.48
; Kz 0.60 0.70 0.80
Ew = K2 WY 0.20 0.29 0.38

The effectiveness of public information (Ib) is judged high because of
the emphasis to be given warning during the surge. It is estimated that about
one-third of those informed about warning would try to warn others (K3) and
! that each would succes. in warning one other person (KA)‘ The importance of
' ! preparedness for warning is judged to be absolute (AIb = 1.0); a person without

any knowledge about warning cannot respond as intended. Then, in relationships
6, 7, and 8,
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| 1
i | Low Best  High
‘ Ib 0.95 0.97 1.00
K, 030 035 0.40
a (6) O =Ky + I 0.29 0.34 0.40
K, 1.00 1.00 1.00
N Eo = K4 * OW 0.29 0.34 0.40
ALy 1.-00 1.00 1.00
0.91 0.96 1.00

(8) E, = (Es+Ez+----ESELEWEO){I-AIb(l-Ib)}

These estimates for Et apply equally to those assigned to public 1
shelter and to home basements. The fraction of the population subject to
v adverse weather (FPw) and the probability of adverse weather (Pw) are taken
- : ) the same as for FCR. However, the fraction of those assigned to public
shelter who would not go because of adverse weather (KS) is judged to be 10, +
15, 20 percent while it is expected that weather would have no effect on the
decision of those assigned to home basements. Then, in relationships 9 and 10,

Public Shelter Home Basements
Low Best High Low Best High 4
FPw 0.67 0.33 0.20 0.67 0.33 0.20
( Pw 0.04 0.03 0.02 0.04 0.03 0.02
; _ KS 0.20 0.15 0.10 - - -
i 9) K6 = KS'FPw°Pw 0.01 - - - - - _
Et 0.91 0.96 1.00 0.91 0.96 1.00 1
: (10) FMSé = Et(1°K6)FAi 0.90*% 0.96* 1.00% 0.91%* 0.96% 1.00%

* = multiplier for FAi

The effectiveness of warning for those assigned to public shelter is
judged to be slightly less than for those assigned to home basements. Public
attitude studies (Nehnevajsa - 1979) indicate that about 5 percent of the

4

;J. . population would not go to shelter in any event (Fsi). Then in relationship 11,
]
'
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Public Shelter Home Basements
Low Best High Low Best High
K7 0.95 0.97 1.00 0.95 0.97 1.00
FSi 0.05 0.05 0.05 0.05 0.05 0.05
FMBi -,FMSi(l-FSi)K7 0.81*% 0.88* 0.95% 0.83* 0.89% 0.95*

* multiplier for FAi

Effectiveness of Warning Systems (E

s(x))

The estimates of effectiveness of warning systems (NAWAS and CHAT) were
not made in detail. It is estimated that the potential effectiveness (Eé) of
giving warning information via radio and TV at completion of Program D Prime
(including the surge) is 90, 95, 100 percent for NAWAS and 95, 98, 100 percent
for CHAT. The relative effectiveness (Kl) is judged to be 95, 97, 99 percent
for NAWAS; 95, 98, 100 percent for CHAT. Then in relationship 8,

NAWAS CHAT
Low Best High Low Best High
Eé 0.90 0.95 1.00 0.95 0.98 1.00
K, 0.95 0.97 0.99 0.95 0.98 1.00
E = * E! .8 0.92 . . 0.96 .00
8 Ky Eg 0.86 0.99 0.90 1

The fraction of the population covered by Federal alerting facilities
(DEF - CHAT) was taken equal to the 1971 estimate of homes with TV receivers
(99 percent) for the high estimate, and reduced to 95 and 85 percent for the
best and low estimates. The fraction covered by local alerting facilities
(EPF - NAWAS) is estimated to be 78, 88, 95 percent for completion of D Prime.
The effectiveness (Kz) of NAWAS alerting is judged to be 71, 79, 90 percent;
that of CHAT, 100 percent. Then, in relationship 16,
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NAWAS CHAT
Low Best High Low Best High
E) 0.78  0.88 0.95 0.85  0.95 0.99
K, 0.71  0.79 0.90 1.00  1.00 1.00
E, =K, * E! 0.55 0.70 0.86 0.85  0.95 0.99

Then, because a person must be alerted and informed in order to be

warned, the net system effectiveness is, in relationship 17,

! NAWAS CHAT
Low Best High Low Best High
(E )=MinE_ : E 0.55 0.70 0.86 0.85 0.95 0.99
s(x) L

Estimates of FP, FE, and FS - Home Basements

It was seen above that 83, 89, 95 percent of those assigned to home
L ! basements would be warned and decide to go to the basements. Home basement
assignments are made only to people in one-unit dwellings. The calculations
assume the people to be in a residential posture , and the time required to
‘ g0 to a basement shelter is trivial. Then, for home basements:
’ | Low  Best  High

FP 0.83 0.89 0.95
! FE - - -

FS 0.17 0.11 0.05

Dynamics of Attack Effects

To determine the fractions of the population assigned to public shelter
who are in shelter, at random in buildings, and in the open moving to shelter
at the time of attack, the distributions shown in Figure C.2 must be matched

against a time distribution of the occurrence of attack effects. Three such

time distributions have been developed, based on information in the open

literature and informed judgments of an unclassified nature. The three
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estimates of attack dynamics are shown in the form of cummulative distribution

functions in Figure C.3. They may be regarded as "slow", "medium", and "fast"

attacks and are used to generate low, best, and high estimates of FS, the

V7

fraction assigned to public shelter who are at random at the time of attack,
and FE, the fraction assigned to public shelter who are in the open at time
of attack. '

The three distributions were derived in the following way. The mid-1980s
Soviet threat was drawn from a paper, Fighting the "Unthinkable": Nuclear War
in the 19808 by Gerard K. Burke, published in the June 1978 issue of Military

Review. The essential information is shown in Table C.1l. Burke projects that

the Soviets will have 956 submarine-based missile launchers with a total of
. 1756 warheads. The warhead yield is 1 megaton except for the Delta-3 class
whose MIRVed missiles carry three 200-KT weapons. The total yield in the SLBM
threat is 796 megatons. However, for our purposes we need to use equivalent
megatons (EMT), which is a direct measure of the area of direct effects. EMT
is obtained by multiplying the number of warheads by the yield to the two-
thirds power. The relative coverage of the 200-KT weapons makes the EMT for
the submarine threat equal to 956 megatons. Similarly, the Soviet ICBMs
contribute 5695 EMT and the bomber threat 550 EMT. Thus, in terms of the
total of 7201 EMT, SLBMs provide 13 percent of the threat, ICBMs represent
79 percent of the threat, and bombers, 8 percent, Also shown are the
arriving EMT, assuming a reliability of 85 percent. However, this
consideration does not affect the partitioning of the threat, and would
not unless differing reliabilities were assumed for the various threats.
For the present purpose, the SLBM threat is subdivided into two parts: the
Y and D-1 classes, which represent 6 percent of the total EMI, are the

TP T P e W

short-range threat, and the D-2 and D-3 classes, which contribute 7 percent ® |

of the EMT, are the long range threat.

- -
Ctem




1.0 T r

(a) SLOW ATTACK

‘.-."_ T | T | T | T | T | | %

08—

06— -

p— —
04 |~ -
02— -

0 e 1 | | l ! l 1

(b) MEDIUM ATTACK

FRACTION OF DIRECT — EFFECTS POPULATION

0 T | T ] T T T i T 1
— -1
o8 -
0.6 -
Y] = -
¢ L. e
J. . 02} -
' . ] | 1 | I | ] 1
}n - 0 5 10 15 20 25 30 3% 40 45 50 85 60

TIME AFTER DETECTION (MIN)
] .. (c) FAST ATTACK
FIGURE C.3 DYNAMICS OF ATTACK EFFECTS




AD~AO81 561 CENTER FOR PLANNING AND RESEARCH INC PALO ALTO CALIF F/6 18/6
MONTE CARLO POPULATION DEFENSE MODEL: INITIAL RESULTS, (U}
AUS 79 W E STROPEr J F DEVANEY» F MIERCORT DCPAD1=TT=C=0223
UNCLASSIFIED.

NL




c-11

1219 1219  £8%9 6169
88°0 %6°0
10¢¢  (T9L ovis 62S¢
p4:] L9% 0SS 0SS 1 1199 [4 SLT
Z6L ey 669S 1829 €85 86C1
osy osYy | | osy T oSy
81¢ 8¢l ¢'0 0%9 Y 091
LOTT St %e°0 08¢¢ 9 08¢t
0768  8Z6Y 4 Y9%¢ 8 80t
“4€1 138:] 956 96L 96L1 956
00Y o%e z°0 00c¢1 t 00y
871 821 1 8¢l 1 8¢1
961 9¢1 I 9¢1 1 961
[1X4 (144 I (444 1 [4%4
IWd ONIATHYV 1WA aTaIx M/X  SAVIHAVM '1/SAVAHYVM  SYTHONOVI

LVAYHL LIIAOS S861

T°0 IJ19VL

AT i REY S ERREr ~

‘194 68°0
FIVHAAV

V0L

s3¥agnRod

TI-8S 10 91-SS
L1-SS
61-SS
81-SS

SHEDI

8T-NSS 8se1) €-Q
8-NSS sse1) 7-a
g-NSs sser) 1-a
LT-NSS 8se1d-A
SHA'IS

2 I Ayt AP L
e .t e -

~

NOILVOIAISSVIO

-



R R T R ek iniind

c-12

The purpose of the foregoing is to establish the basis for the timing
of the attack. The short-range SLBMs, comprising 6 percent of the threat,
are assumed to have the capability of delivéring an initial weapon approximately
six minutes after launch. The salvo terminates 17 minutes after initfal launch.
The rate of fire is assumed to be Gaussian, with the maximum rate of fire at
the midﬁoint of the salvo. The long-range SLBMs, comprising 7 percent of the
threat, are assumed to have the capability of delivering an initial weapon
approximately 15 minutes after launch, to terminate the salvo 30 minutes
after initial launch, and to follow a similar rate-of-fire pattern. The ICBM
threat, the element containing most of the EMI, is assumed to have the
capability of delivering an initial weapon 30 minutes after launch. The full
weight of this attack could be delivered in a period as short as 10 minutes
or it could be distributed over a period as long as 30 minutes. The rate~of-
fire pattern is assumed to be similar to the SLBM salvos. Finally, the flying
time of the bomber force is very much longer than the times for missile
delivery. Hence, this element of the threat does not impinge on the movement-

to-shelter operation.

The basic assumptions underlying the curves in Figure C.3 are: (1)
each threat contributes its fractional share of the total EMT to the attack;
(2) the time distribution is based on a common launch time and a common
detection time; and (3) the EMT delivered in any time interval is equivalent
to the fraction of the population experiencing direct effects that is
affected in the time interval. The last assumption implies a uniform
(average) population density; that is, early salvos are not directed entirely
on low-population density counterforce targets unless specifically assumed.
Thus, the rate of delivery of EMT describes the rate at which target area is
brought into the direct-effects region, and also describes the rate at which
population is brought into the direct-effects region. The attack environment
matrices used in the population defense model define the fraction of the
whole population brought within the direct-effects region at the conclusion
of the attack. The ordinate in Figure C.3 is the fraction of the population
within the direct-effects region that is affected by time, t, in minutes

after detection. '
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Figure C.3a shows the low estimate of the rate of involvement of the

, direct-effects population; that is, the "slow" war. It is assumed for this
; estimate that the short-range SLBM threat is not deployed off-shore but is
4; held in reserve. Thus, the remaining threats consist of the long-range
SLBMs (7 percent), the ICBMs (84 percent) and the bombers (9 percent).
Since the bombers arrive much later, the fraction -affected at 60 minutes
after detection is 91 percent of the total direct-effects population. Detection
is assumed to be one minute after launch. The initial weapons are from the
long-range SLBMs and arrive during the l4th minute after detection. The rate -
of delivery is a sigmoid cumulative distribution terminating at the 29th
; minute. This initial salvo 1s assumed to be directed preferentially toward
f counterforce and C3 facilities, so that 7 percent of the EMT affects only 5
percent of the direct-effects population. The initial ICBM warheads begin
. arriving during the 29th minute and build up over a 30-minute period to affect

a total of 91 percent of the direct-effects population.

Figure C.3b shows the best estimate or "medium-speed" war. It is assumed
that the long-range SLBMs are held in reserve and that the short-range SLBMs
are fully deployed. The short-range SLBMs are targeted against C3 facilities
mainly where the average population density applies. The initial weapons

arrive during the fifth minute after detection (one minute after launch) and :
build up to affect 6 percent of the direct-effects population by the end of
the 16th minute. There is no further detonation until ICBM weapons begin

- e a4

arriving during the 29th minute. The initial wave is directed at counterforce
targets during the next six minutes, again affecting 5 percent of the direct-
effects population during the interval. The main countervalue wave of ICBMs

! occurs from the 35th to the 45th minute and brings the fraction affected to

91 percent of the direct-effects population as in the low estimate.




Figure C.3c displays the high estimate or "fast" war. No threat
element is held in reserve. The detection of attack in this case is assumed
to be two minutes after launch so that the initial weapons begin arriving
during the fourth minute after detection. The two SLBM threats deliver
weapons in two successive waves encompassing 13 percent of the direct-
effects population by the end of the 28th minute. The ICBMs begin arriving
during the 28th minute and encompass 92 percent of the direct-effects
population ten minutes later (end of the 38th minute). The remaining 8
percent of the direct-effects population are affected by bomber weapons

much later.

It should be noted that the various assumptions that were used in
developing these estimates of attack dynamics intentionally deviate from
those that might be chosen if information of a higher security classification
were employed. But the results are believed to be representative of the time-

distribution of weapon detonations that would impinge on the movement-to-

shelter operation.

Estimates of FP, FE, and FS - Public Shelters

Given the two distributions (a) of the population moving to shelter,
as in Figure C.2, and (b) of the attack dynamics, as in Figure C.3, estimates
of FP (the fraction in shelter when subjected to attack effects), FE (the
fraction in the open when subjected to attack effects), and FS (the fraction

in buildings at random when subjected to attack effects) are derived from
matching the two distributions. This matching has been done minute by minute

for the low and best estimates of FS and FE and in two-minute intervals for
the high estimate. That is to say, if two percent of the direct-effects
population is brought under attack during a given minute and 60 percent of
the population is in the open during this minute, then 1.2 percent of the




; population is caught in the open during that minute. The summation of

these calculations over the period in which people are moving to shelter
gives the estimate of FE', the fraction caught in the open if the whole
population is moving to shelter. Similar calculations produce FS', the
fraction caught at random before beginning to move. Later, these estimates
are adjusted for the fraction moving to public shelter to obtain estimates
of FS and FE as input to the population defense model.

To obtain the low estimate of FS' and FE', the movement-to-shelter
distributions of Figure C. 2, the higher performance estimate, are matched
against the "slow" war of Figure C.3a, with the additional estimate that

D e

. the delay, AW, between detection and alert is 2 minutes. The calculation

is exhibited in Table C.2. The time after alert is shown in the first

column and the fraction starting to move to shelter in the second column.
k . Those still getting ready are the complement of those who have started
i (Column 3). The fraction who have arrived in shelter are shown in Column 4.
i Those in the open (Column 5) are those who have started (Column 2) less those
who have arrived in shelter (Column 4). The fraction affected in each minute
is shown in Column 6. These fractions are obtained by numerical differentiation
of the curve in Figure C.3a. Because of the delay between detection and
warning, initial weapons arrive during the 12th minute but the fraction affected

R WL b B N

is negligible. Two-tenths of a percent are affected in the 13th minute and

\ the peak is at one-half percent in the 20th and 21st minutes after alert.
Because all of the moving population is enroute by the end of the 10th minute,
nobody is caught getting ready (FS' = 0). The fraction caught in the open
each minute (Column 8) is the product of the values in Columms 5 and 6. The
total, 0.79 percent, is the low estimate of FE'.

In the calculation of the best estimate, movement-to-shelter distributions
are matched against the attack dynamics of Figure C.3b. A two-minute delay

.
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TABLE C.2

LOW ESTIMATE OF FS' AND FE', PROGRAM D PRIME

1 2 3 4 5 6 7 8
Time Fraction Praction Fraction Fraction Fraction Fraction Fraction
After Started Yet to In In Open Affected Caught Caught
Alert Move Move Shelter ' Before In Open
(Min) Moving

0 0 1.00 FP' 0 FS' FE'

1 0.06 0.94 0.06

2 0.23 0.77 0.23

3 0.44 0.56 0 0.44

4 0.63 0.37 0.01 0.62

5 0.78 - 0.22 0.03 0.75

6 0.38 0.12 0.05 0.83

7 0.94 0.06 0.11 0.83

8 0.99 0.01 0.18 0.81

. 9 1.00 - 0.25 0.75

10 0.31 0.69

11 0.38 0.62

12 0.45 0.55, -

13 0.52 0.48 0.002 .00096

14 0.58 0.42 0.002 .00084

15 0.65 0.35 0.004 .00140

16 0.71 0.29 0.004 .00116

17 0.76 0.24 0.004 .00096

18 0.81 0.19 0.004 .00076

19 0.86 0.14 0.004 .00056

20 0.90 0.10 0.005 .00050

21 0.92 0.08 0.005 .00040

22 0.95 0.05 0.004 .00020

23 0.97 0.03 0.003 .00009

24 0.98 0.02 0.002 .00004

25 0.99 0.01 0.003 .00003

26 1.00 - 0.002 -

27 0.002

28 0.003

29 0.007

30 0.010 (-0-) (0.0079)
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between detection and warning is again assumed. In the calculation of the

high estimate, the "fast" war of Figure C.3a 1is matched against the lower
performance estimate of Figure C.2b. The delay between detection and

alert is estimated to be four minutes. The summary results of the calculation
of the low, best, and high estimates of FS' and FE' for Program D Prime are
shown in Table C.3.

v e -

The results of these calculations are used in Table C.4 to calculate
the low, best, and high estimates of FS and FE at the completion of Program
D Prime. The fraction of stayputs (at random) among those assigned to home

NI g O

basements (FS) was derived earlier on. None in this group are caught before

TN

moving or in the open (FE = 0).

The fraction moving to public shelter (FMS) was also derived earlier on.
The potential fractions caught before moving are FS' from Table C.3. These
fractions are multiplied by FMS to obtain the fraction among those deciding

to move who are caught before moving and added to the fraction who are

P

o

unwilling to go or are not persuaded by the warning (1 - FMS) to obtain the
total stayputs at random in buildings. The potential fraction caught in the
open, FE', is drawn from Table C.3 and multiplied by FMS to obtain the
fraction caught in the open among those moving to public shelter (FE). In
the Population Defense Model, FS and FE are assessed against the fraction

o, MRV, . B s

of the population assigned to each shelter class (FAi)’

C.2 ESTIMATES FOR CURRENT CAPABILITY MAINTAINED

Distributions of Population - FPit’ FE FR

ie’ it

For the basic distributions of the fractions of FMSi == in shelter,

and unwarned, FR. --~ shown in Figure C.2 of the

Fpit; in open, FEit;

rationale for D Prime, the parameters selected for this present case are:
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TABLE C.3
- i ESTIMATES OF FS' AND FE' - PROGRAM D PRIME
3
LOW ESTIMATE BEST ESTIMATE HIGH ESTIMATE
Time After Fraction Fraction Fraction Fraction Fraction Fraction
Alert Min Caught Caught Caught Caught Caught Caught
Before In Open Before In Open Before In Open
Moving Moving Moving
FS' FE' Fs' FE' Fs' FE'
0
2 .
- 4 -0- -0~ :
] 6 =0~ -0~ 0.00760 0.00040
8 0.00148 ' 0.00248 0.00664 0.00136 ;
10 0.00088 0.00300 0.00928 0.00672 5
12 0.00036 0.00249 0.00414 0.01386 :
14 0.00180 0.00030 0.00415 0.00033 0.01012 :
16 0.00256 0.00006 0.00486 0.00027 0.00846
18 0.00172 -0- 0.00600 0.00018 0.00819 1
20 0.00106 0.00552 -0~ 0.01056
22 0.00060 0.00496 0.01476
24 0.00013 0.00330 0.00176 ¥
26 0.00003 0.00144 0.00378 ¥
28 0.00126 0.00156 ]
30 0.00007 0.02090 ;
32 -0- 0.05180 f
34 0.05580
36 0.02220 ]
38 0.00440 t
40 =0= b
42
44 &
46 {
48 i
50
52
54
56 ,
58
60

14
j. . TOTAL -0~ 0.0079 0.00308 0.03953 0.02899 0.24363 }
'

'
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TABLE C.4

ESTIMATES OF FS AND FE - PROGRAM D PRIME

DESCRIPTION

HOME BASEMENTS

Fraction Caught at Random

PUBLIC SHELTER

Fraction Moving to Shelter
Potential Fraction Caught Before Moving

Fraction of FMS Caught Before Moving
= FMS - FS'

Fraction Not Moving = 1 - FMS

Fraction Caught at Random
= FMS * FS' + (1 - FMS)

Potential Fraction Caught in Open

Fraction Caught in Open = FMS + FE'

CODE

FS

FS'

FS

FE'

FE

Low

0.17

0.81
0.03
0.02

0.19
0.21

0.24

0.23

BEST

0.11

0.12
0.12

0.04

0.03

HIGH

0.05

0.05
0.05

0.01

0.01
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Warning System: Siren with Delayed Confirmation (a = 0.17)
Preparedness: Low (B = 0.41)

Population Distribution: Uniform

i)

The resultant distributions are shown in Figure C.4. . !

Fraction Going to Shelter - FMS

i ' ,.
The effectiveness of CHAT (Esc) was set to zero because the CHAT

method does not exist. Similarly the capability (WY) and effectiveness ;

(Ew) of the wardens were set to zero because neither the service nor the

function exist in present plans. The effectiveness of public prepared -ess

activities (Ib) in inducing people to warn others w-as taken one half of

that for D Prime. On the other hand, the effectiveness (Ib) in educating

the people about warning was taken 75 percent of that for D Prime.

‘.
Effectiveness of Warning Systems (Es(x)) ,
The only change in estimating Es(x)is the elimination of CHAT. The 2?
estimated effectiveness of NAWAS remains unchanged from D Prime. ;
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Results for Current Capability Maintained

When the values of Figure C.4 for the Current Capability Maintained

are combined with the parameters of the low, best, and high attacks as

described above, estimates of FS' and FE' are found as shown in Table C.S.
When these values of FS' and FE' are combined with the values of FMS as
calculated above, the low, best, and high estimates of FS and FE in Table
C.6 are obtained for use in evaluating the Current Capability Maintained
in the MCPOPDEF model.

C.3 COMPARISON OF RESULTS

To demonstrate the effects of the above differences in inputs to the
FP, FE, FS part of PAM between Program D Prime and Current Capability Main-

tained, the calculated intermediate and final results are compared:

- Current Capability
Program D Prime Maintained
low  Best High  Low  Best
FS (Home) 0.05 0.11 0.17 0.20 0.42
FS (Public) 0.05 0.12 0.21 0.29 0.47
FE (Public) 0.01 0.03 0.23 0.08 0.12
FMS (Home) 0.83 0.89 0.95 0.43 0.59

FMS (Public) 0.81 0.88 0.95 0.42 0.58




c-22
TABLE C.5
ESTIMATES OF FS' AND FE' - CURRENT CAPABILITY MAINTAINED
! Low Estimate Best Estimate High Estimate
Time Fraction Fraction Fraction Fraction Fraction Fraction
After Caught Caught Caught Caught Caught Caught
Alert Before In Open Before In Open Before In Open
(min) Moving Moving Moving
(Fs') (FE') (Fs') (FE'") (Fs') (FE')
0
2
4 0 0 0
6 0.0080 0.0001 0.0080 0
8 0.0075 0.0005 0.0078 00,0002
10 0.0118 0.0022 0.0147 0.0013
12 0.0120 0.0040 0.0149 0.0031
14 0.0021 0.0018 0.0058 0.0031 0.0079 0.0031
16 0.0036 0.0040 0.0027 0.0022 0.0055 0.0034
. 18 0.0030 0.0044 0.0046 0.0042
. 20 0.0028 0.0051 0.0052 0.0061
P 22 0.0023 0.0051 0.0063 0.0099
‘ 24 0.0011 0.0028 0.0035 0.0068
] 26 0.0008 0.0026 0.0014 0.0034
28 0.0008 0.0022 0.0006 0.0016
30 0.0023 0.0069 0.0003 0.0009 0.009%94 0.0270
32 0.0025 0.0080 0.0024 0.0074 0.0278 0.0814
34 0.0031 0.0105 0.0022 0.0073 0.0403 0.1240
36 0.0037 0.0134 0.0028 0.0095 0.0204 0.0648
38 0.0039 0.0169 0.0063 0.0228 0.0050 0.0171
40 0.0036 0.0227 0.0159 0.0702 0 0
: 42 0.0026 0.0252 0.0095 0.0581 )
1 44 0.0006 0.0210 0.0022 0.0217
46 0 0.0140 0.0002 0.0036
48 0.0085 0 0
50 0.0035
52 0.0023
54 0.0007
56 0.0003
58
60

v

'
) P TOTAL 0.0369 0.1802 0.0897 0.2136 0.1833 0.3574
t
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TABLE C.6

ESTIMATES OF FS AND FE - CURRENT CAPABILITY MAINTAINED

DESCRIPTION CODE LOw BEST HIGH

HOME BASEMENTS
Fraction Caught at Random FS 0.58 0.42 0.20

PUBLIC SHELTER ;

Fraction Moving to Shelter FMS 0.42 0.58 0.74 :

1 Potential Fraction Caught Before Moving FS' 0.18 0.09 0.04 E
Fraction of FMS Caught Before Moving 0.08 0.05 0.03

= FMS * Fs'

. Fraction Not Moving = 1 - FMS 0.58 0.42 0.26 §

. Fraction Caught at Random FS 0.66 0.47 0.29 :

‘ = FMS * FS' + (1 - FMS) §
{ Potential Fraction Caught in Open FE' 0.36 0.21  0.18
Fraction Caught in Open = FMS °+ FE' FE 0.26 0.12 0.08
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Appendix D
EFFECTIVENESS OF IMPROVING BLAST POSTURE (AMLOP, AMCOP)
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? Appendix D
t i 1
3 EFFECTIVENESS OF IMPROVING BLAST POSTURE (AMLOP, AMCOP) %
€ 3
This Appendix presents the rationale for the input values used in the .
Program Analysis Model (PAM) to produce estimates of AMLOP and AMCOP for ]
two programs: D Prime and Current Capability Maintained. 1Ia addition, it
demonstrates the calculation in PAM of the estimates of AMLOP and AMCOP for g
Program D Prime. %
1
The structure of this Appendix follows that of the definitive description )
of PAM in Appendix B, Section B.3, of W.E. Strope and J.F. Devaney,
Effectiveness of Civil Defense Systems, Center for Planning and Research, Inc.,
. (June 1979). The relationships referred to herein are those defined in that ;
‘ report; for example, '"relationship 4" in AMLOP in this Appendix refers to s
"relationship 4" in AMLOP in the report.
This rationale starts with the calculation of AMLOP/AMCOP and proceeds
v through the calculation of the effectiveness of efforts to improve blast
E' posture (Eml) and then to the subordinate calculations that produce intermediate
; estimates.
5 ;
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! D&C - Inform System (DZ) D-12
, !
) D.2 ESTIMATES FOR CURRENT CAPABILITY MAINTAINED D-13
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D.1 ESTIMATES FOR PROGRAM D PRIME

Increase in Blast Protection (AMLOP, AMCOP)

The increase in protection achieved by improving the posture of shelter
occupants to avoid attack effects is obtained by applying the estimate of
the fraction of the population of a shelter class in the improved posture (Eml)
to the technical estimate of the potential increase in MLOP and MCOP if all of
the occupants were in the improved posture. This is shown in Table C.l where
Eml for public shelters (brought forward from a subordinate calculation) is
applied in turn to the technical estimates for AMLOP and AMCOP (see Appendix
I) for the several classes of public shelter as in relationship 10,

AMIOP = E_, * AMLOP'

ml

AMCOP = E * AMCOP'

mi
Also shown in Table D.l are the estimates of AMLOP and AMCOP for home

basements. It will be noted that Emz for home basements has a value that
differs from that for public shelters. This will be demonstrated later on.

Effectiveness of Improving Blast Posture (%nz) - Public Shelter

Improving the blast posture of shelter occupants is a function of the

shelter managers. According to the 1974 program paper, there were 203,000
shelter managers on board who covered 49.5 million shelter spaces out of 139
million spaces planned for use, or about 36 percent of the population assigned

to public shelter.

There is some evidence that the Risk areas are better served than Host
areas. It is also estimated that there has been some erosion since 1974.
Hence, the high estimate is taken to be 35 percent for Risk areas in-place.
The low estimate is taken to be 60 percent of the 1974 datum (about 10 percent
less per year from 1974 to 1978). The result (22 percent) was rounded down
to 20 percent. The best estimate is somewhat higher than the low estimate
(25 percent). The estimates for Host In-place and Neither areas are based on
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degrading the Risk In-place estimates by 5 percent of the population. It was

judged that, after relocation, the host-area coverage would be the equal of the

Risk In-place coverage since nearly all of the managers would move with the

relocatees. Finally, the coverage in the Risk areas after relocation was

judged to be very low, since the residual population would be stay-puts.

The estimates for AWLR, the added fraction of the population provided
with shelter managers by Program D Prime, are based on plans to train about
one-third of the total requirement in peacetime (7 years) and the remainder
during the surge period. The actual estimates of AWLR were obtained by

subtraction from a judgmental evaluation that the total (WLR) would actually

range from 60 to 90 percent coverage in Risk-areas in-place, with 70 percent

as the best estimate. The performance in Host areas was assessed as between

50 and 80 percent. The performance in Neither areas was judged somewhat lower

for the low and best estimate. For the Risk areas after relocation, the

evaluation assumes that the same proportion of managers recruited during the

~ program would stay behind as would managers now on board. Since AWLR for
Risk In-place is roughly twice WLRO, this relationship is assumed for the
Relocated Risk areas. Then, in relationship 1, WIR = WI.R° + AWLR, and

RISK HOST N/A

Relocated
0.25 0.20
0.45 0.35

In-Place Relocated In-Place
WLRo 0.25 0.02 0.20
AWLR 0.45 0.04 0.40
WLR (Best)  0.70 0.06 0.60 0.70  0.55

(Low) * 0.60 0.02 0.50 0.60 0.40

(High)* 0.90 0.15 0.80 0.90 0.80

It was assumed that shelter manager training in Program D Prime would

include emphasis on placing shelterees in the blast protective posture as

However, managers on board have not had such training

¢
j they entered shelter.
- -

* Calculations for high and low estimate omitted.
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and would need to be retrained. Hence, WLTO is zero in all cases. The
estimates of AWLT were based on the evaluation that the program plus surge

would find all those brought on board by the program trained plus one-half

of the existing managers needing retraining, except for the high estimate,

in which all now on board are assumed trained. Hence, WLT is less than WLR

i (except in the high estimate) and becomes WL', the fraction of the population
in public shelters with a manager who would attempt to put them in the blast
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protective posture, given instructions to do so from D&C at the time. Then,
in relationship 2, WLT = W‘LTo + AWLT, and

e
13

RISK HoST N/A
i In-Place Relocated In-Place Relocated
fj i, - 2 5 A
. AWLT 0.58 0.05 0.50 0.58 0.45
? WLT (Best) 0.58 0.05 0.50 0.58 0.45
i (Low) 0.50 0.02 0.42 0.50 0.32
: (High) 0.90 0.12 0.80 0.90 0.80

And in relationship 3, WL' = Min WLR : WLT, and

ey _ssamani, _, AN 1
-~ -

RISK HOST N/A
In-Place Relocated In-Place Relocated
3 {Low) 0.50 0.02 0.42 0.50 0.32
f WL' (Best)  0.58 0.05 0.50 0.58  0.45 |
! (High) 0.90 0.12 0.80 0.90 0.80

PR ———

This potential (WL') must be degraded by the less-than-perfect provision
of instructions from D&C (SP). The effect of influence of such guidance (ASP) ;
is based on estimates of the fraction of shelter managers that could be

o . -
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expected to adopt the blast protective posture without any guidance. Then,

ASP is the complement of these estimates. For the Risk In-place, it was

judged that 20 to 50 percent would take the initiative, with 35 percent as

the best estimate. It was judged to be the same in the relocated mode. On

the other hand, it was estimated that the fraction of "self-starters" would

be much lower (5 to 20 percent) in Host and N/A areas, even if all managers
received the same training, because of a widespread feeling that these areas
were "safe" from direct effects. Then, in relationship 4, WL = WL'{1-4SP(1-SP)},

and

RISK HOST N/a
In-Place Relocated In-Place Relocated

WL' 0.58 0.05 0.50 0.58 0.45
SP 0.96 0.92 0.92 0.92 0.92
ASP 2;22 0.65 0.85 0.85 0.85
WL (Best) 0.56 0.05 0.47 0.54 0.48
(Low) 0.46 0.02 0.30 0.35 0.23
(High) 0.90 0.12 0.79 0.89 0.79

Some shelters would not have trained managers; in these, an emergent
leader would take charge. It is judged that including information about
improved blast posture in crisis public information to prepare the public
for occupying the shelters would result in from 50 to 80 percent of these
emergent leaders attempting to achieve the improved posture, given instructions
from D&C, in all but the Risk-relocated areas. The importance of EBS guidance
(ASO) was considered very high. Only 5 to 30 percent would adopt the posture
without it in the Risk In-place and only 1 to 10 percent in other modes. Thus,

OL was considerably reduced from its potential value. Then, combining
relationships 6 and 7, OL = I,{1 - ASO(1 - 50)}, and




$
% In-Place Relocated In-Place Relocated
E Id 0.65 0.07 0.65 0.65 0.65
3 SO 0.74 0.71 0.71 0.71 0.71
: As0 0.85 0.95 0.95 0.95 0.95
} OL (Best) 0.51 0.05 0.47 0.47 0.47
% ‘ (Low) 0.34 0.03 0.26 0.26 0.26
g (High) 0.69 0.08 0.66 0.66 0.66
; Emergent leaders and shelter managers would have different abilities
to actually put the shelterees in the posture. The advisory group judged
that trained shelter managers would be 80 to 95 percent successful in all
cases. Emergent leaders, on the other hand, would have a lower and more
variable success rate (from 50 to 80 perceant success). Then, in relationship
'; 5, B, = K, * WL, and
: In-Place Relocated In-Place Relocated
WL 0.56 0.05 0.47 0.54 0.42
Z Kl 0.90 0.90 0.90 0.90 0.90
% E, (Best) 0.51 0.04 0.42 0.49 0.38
! (Low) 0.37 0.01 0.24 0.28  0.18
t (High) 0.85 0.11 0.75 0.85  0.75
é And in relatiomship 8, Eo - KZ ¢ OL, and
} RISK HOST N/A
' In-Place Relocated In-Place Relocated
i oL 0.51 0.05 0.47 0.47 0.47
; K, 2;19 2;12 2;12 6.70 0.70
, i E, (Best) 0.35 0.04 0.33 0.33 0.33
i (Low) 0.17 0.02 0.13 0.13 0.13
J. - (High) 0.55 0.07 0.52 0.52 0.52
i
L
\ »
,";\ .
- r ~ . e e e e
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The effectivenesses of the manager and the emergent leader are redundant;

: that is, a person could be led into the improved posture by either a manager
1 or an emergent leader, but need not be led by both. Then, in relationship 9,
Emz = Ew + Eo - EwEo’ and
RISK HOST N/A
In-Place Relocated In-Place Relocated

E ¢ (Best) 0.68 0.08 0.61 0.66 0.58
(Low) 0.48 0.04 0.34 0.37°  0.29
(High) 0.94 0.16 0.88 0.93 0.88

Effectiveness of Improving Blast Posture (EEQ) - Home Basements

For home basement, (Category D) it is judged that, although each family
would have a "leader", the fraction prepared for the blast protective posture
by emergency public information during the crisis would be no higher than in
public shelter; hence, Id would remain the same. It was also assumed that
families would take at least one radio to the basement (SOE equals 1.0 in the
calculation of SO, SP). However, only EBS broadcasts would be available in
home basements; hence, the receipt of instructions would be limited to SO' in
the calculation of SO. The ability to understand the instructions was judged
to be the same as with emergent leaders in public shelter, KZ‘ Hence, SO for
home basements is somewhat lower than that calculated for public shelters.
Therefore, OL for home basements is somewhat lower than that calculated for
public shelters. The relative effectiveness of people in home basements to
actually assume the protective posture was judged to be equal to the emergent
leader in public shelter. Then, combining relationships 6, 7, 8, and 9 for
home basements, E , = E_ = Id{l - ASO(1 - SO)}KZ, and

r -~ - . - B R L N T . A . ‘ > . . -
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| In-Place Relocation In-Place Relocated g
i 1 0.65 0.07 0.65 0.65  0.65 g'
SO 0.72 0.70 0.65 0.65 0.65 :

AS0 0.85 0.95 0.95 0.95 0.95 ;

K, 0.70 0.70 0.70 0.70 0.70 E

E, (Best) 0.35 0.04 0.30 0.30 0.30 §

(Low) 0.16 0.02 0.11 0.11 0.11 i

(High)  0.55 0.07 0.52 0.52  0.52 t

3

Shelter Communications (S0, SP)

Shelters would have two possible ways of receiving communications from '
D&C: (a) via EBS using broadcast receivers brought by occupants and (b) via
system communications. Bcth are available to a trained manager or to an

emergent leader. Because of the effectiveress of emergency public information
to date, it was estimated that 75, 85, 90 percent of families would take a

battery-powered radio to shelter, except in the Relocated Risk areas where

only 50, 60, 75 percent of stay-puts would bring a radio. Since the average
number of families in public shelter is estimated to be 80 families, there is
certainty that there would be at least one radio in each shelter (SOE = 1).

For communications via EBS, the D&C capability (DS) was calculated separately.

In estimating ADS, it was judged that, even if local D&C failed to transmit
instructions, 40, 50, 60 percent of the population in all modes would get such
ingtructions in messages from Federal or State broadcasts. Then, in relationship
4, SO' = SOE{1 -~ ADS(1 - DS)}, and

.« <~




RISK HOST N/A

In-Place Relocated In-Place  Relocated

SOE' 1.00 1.00 1.00 1.00 1.00
DS 0.93 0.87 0.72 0.72 0.72
ADs 0.50 0.50 0.50 0.50 0.50
S0' (Best) 0.96 0.93 0.87 0.87 0.87
(Low) 0.90 0.86 0.63 0.63 0.63
(High) 1.00 0.99 0.98 0.98 0.98

According to the 1974 program paper, 60 percent of shelter spaces have
communications to an EOC. However, most of this capability is believed to
be via telephone. Telephonic communications would be too slow to be useful
for this function. Hence, it was judged that not more than 10 percent of the
population in each mode would be served by indigenous radio transceivers (mainly
CB) from shelters to shelter complex headquarters to EOC (the program papers
indicate that 1650 shelter complex headquarters were in existence in 1970), with
5 percent being the best estimate. However, at the completion of Program D Prime,
given a one-week surge period, it was estimated that an additional 60, 70, 80
percent of the population would have radio communications with EOCs except for
the case of Risk Relocated, where many hand-held transceivers were judged to
have moved with the relocating population. Therefore, at completion of Program
D Prime, shelter communications with EOCs (SPE) was estimated to cover 60, 75, 90
percent of the population in all modes except in Relocated Risk areas (20, 30,
40 percent).

The D&C capability (DX) was calculated separately. It was judged that
ADX would be unity, since there was no alternative way for the instruction to be
received at shelter complex headquarters. Then, in relationship 6,
SP' = SPE{1 ~ ASX(1 - DX)}, and




“
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_RISK HOST N/A
In—Placé Relocated In-Place Relocated

{ SPE 0.75 0.30 0.75 0.75 0.75
| DX 0.98 0.97 - 0.76 0.76 0.76
ADX 1.00 1.00 1.00 1.00 1.00
SP' (Best) 0.74 0.29 0.57 0.57 0.57
i (Low) 0.55 0.18 0.26 0.26 0.26
(High) 0.90 0.40 0.85 0.85 0.85

The ability to receive communications via EBS (SO') and the ability to do so
via system channels (SP') are redundant and in relationship 7, SR' = SO' + SP' -

S0' - SP'. However, the understandability of D&C imstructions to emergent leaders
(70, 75, 85 percent) is judged substantially lower than to trained managers (95, 97,

99 percent). Then in relationship 8, the ability of an emergent leader to receive

instructions SO = K, * SR' and in relationship 9, the relative ability of a

trained manager to :eceive instructions SP = K3 + SR', and
RISK HOST N/A
In-Place Relocated In-Place Relocated
so' . 0.96 0.93 0.87 0.87 0.87
Sp' 0.74 0.29 0.57 0.57 0.57
SR' (Best) 0.99 0.95 0.94 0.94 0.94
K, 0.75 0.75 0.75 0.75 0.75
SO  (Best) 0.74 0.71 0.71 0.71 0.71
§ (Low) 0.67 0.62 0.51 0.51 0.51
§ (High) 0.80 0.80 0.80 0.80 0.80
E K, 0.97 0.97 0.97 0.97 0.97
. SP (Best)  0.96 0.92 0.92 0.92  0.92
i § (Low) 0.91 0.84 0.69 0.69 0.69
I (High)  0.99 0.98 0.99 0.99 0.99
'
A »
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D&C -~ Public Information (DS)

For this evaluation, the estimate of DS was started at the DS' level with
the evaluation that 90, 95, 100 percent could be informed pre-attack in all
modes except the Relocated Risk area where it would be slightly less. These
estimates were degraded by the evaluation of whether passing the instructions
would be in the operational checklist (PB), as they are in the ALFA NEOP. This
was judged to be a high probability in Risk areas (90, 95, 100 percent) but
much lower in Host and Neither areas. The effect of the checklist (APB) was
considered large in Host and Neither areas (omnly 5, 20, 40 percent would do it
without the checklist); less so in Risk areas (20, 50, 80 percent would
broadcast anyway in the in-place mode). Then, in relationship 13,

DS = DS'{1 - APB(1 - PB)}, and

RISK HOST N/A
In-Place Relocated In-~Place Relocated

Ds! 0.95 0.90 0.95 0.95 0.95
PB 0.95 G.95 0.70 0.70 0.70
APB 0.50 0.60 0.80 0.80 0.80
DS  (Best) 0.93 0.87 0.72 0.72 0.72
(Low) 0.83 0.77 0.39 0.39 0.39
(High) 1.00 0.95 0.94 0.94 0.94

D&C ~ Inform System (DZ)

The ability of D&C to give system information to the warden service is
coded DX but the general coding is DZ which applies to all of the services.
For this evaluation, the estimate of DZ was started at the DZ' level. Given
the hardware, SPE, EOCs could certainly pass the instruction (DZ' = 1.00).
This estimate was degraded by evaluating the existence and effect of the
action in the operational checklist. PB and APB are considered to be identical
with their values for estimating DS. Organization exercise is judged of no
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significance in this case (API = 0.0 and PI, not material). Then, in
relationship 10, DZ = DZ'{1 - APB(1 - PB)}, and

RISK HOST N/A
In~Place Relocated In-Place Relocated
DZ' 1.00 1.00 1.00 1.00 1.00
PB 0.95 0.95 0.70 0.70 0.70
APB 0.50 0.30 0.80 0.80 0.80
DZ (Best) 0.98 0.97 0.76 0.76 0.76
(Low) 0.92 0.91 0.43 0.43 0.43
(High) 1.00 1.00 0.94 0.94 0.94

D.2 ESTIMATES FOR CURRENT CAPABILITY MAINTAINED

Values for AMLOP and AMCOP for the Current Capability Maintained Program
for public shelters and home basements are shown in Table D.2. To obtain
these estimates the following changes from the input values used for estimating

Eml for Program D Prime were made.

Effectiveness of Improving Blast Posture (Eml)

The availability of managers (WL') and emergent leaders (OL') and their
respective relative effectiveness (K1 and Kz) were all taken to be about one-~
half of those achievable by D Prime. These changes affected the estimates for

both public shelters and home basements.

Shelter Communications (S0, SP)

The fraction of shelters with communications link to D&C (SPE) was taken
the same as SPEO, the starting fraction, in the D Prime estimate. In additionm,

the relative capabilities of the emergent leaders and managers to understand D&C

instructions (K2 and K3) respectively were taken to be one-half of those for
D Prime.

it

i
!
d
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TABLE D.2

AMLOP, AMCOP
CURRENT CAPABILITY MAINTAINED

RISK OTHER
CATEGORY INPUT LOW BEST HIGH LOW BEST HIGH
Public Shelters
(me) 0.05 0.13 0.22 0.04 0.10 0.16
.. AMLOP' 0.30 0.35 0.40 0.30 0.35 0.40
Below AMLOP 0.02 0.05 0.09 0.01 0.04 0.06
Ground '
AMCOP 0.30 0.35 0.40 0.30 0.35 0.40
AMCOP 0.02 0.05 0.09 0.01 0.04 0.06
AMLOP' 0.10 0.10 0.10 0.10 0.10 0.10
Above AMLOP 0.01 0.01 0.02 - 0.01 0.02
Ground AMCOP'  1.00 1.00 1.00 1.00 1.00  1.00
AMCOP 0.05 0.13 0.22 0.04 0.10 0.16
Home Basements
(Enﬂ) 0.01 0.04 0.09 0.01 0.03 0.06 L
AMLOP' 0.10 0.15 0.20 0.10 0.15 0.20
AMLOP - 0.01 0.02 - - 0.01 {
AMCOP' 0.80 0.90 1.00 0.80 0.90 1.00
AMCOP 0.08 0.04 0.09 0.01 0.03 0.04
|
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D&C - Public Information (DS)

The fraction of the population who might be informed by D&C via EBS
was estimated from IMIS, 1970: 1low, 0.47 - EOCs meeting criteria; best
0.66 — EOC links to EBS; high, 0.83 - EOC operations group available and

assigned. Completion of operations plans (PB) was taken to be from 5, 10,

15 percent.

D&C - Inform System (DZ)

The completion of operations plans was taken the same as for DS:

5 to 15 percent.

D.3 COMPARISON OF RESULTS
To demonstrate the effects of the above differences in inputs to the
AMLOP/AMCOP part of PAM between Program D Prime and Current Capability Main-

tained (CCM), the calculated results are compared:

RISK HOST /A
D PRIME PROGRAM In-Place Relocated In-Place Relocated

Low 0.48 0.03 0.34 0.37

Best 0.68 0.08 0.61 0.66

High 0.93 0.17 0.88 0.93

Eml

(Public)}

Low 0.16 0.02 0.11 0.11
Best 0.35 0.04 0.30 0.30
High 0.55 0.07 0.52 0.52

Eml

(Home)

AT A T R T P R N T TR AN VTE L PRI F 1T e

CCM PROGRAM

Emz

(Public)
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RATIONALE FOR FIRE (FF, FFS) AND RESCUE (FR) ESTIMATES
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Appendix E

RATIONALE FOR FIRE (FF, FFS) AND RESCUE (FR) ESTIMATES

This Appendix presents the rationale for the input values used in the
Program Analysis Model (PAM) to produce estimates of FF - the fraction forced
out by fire;, FFSM - the fraction of those forced out who survive; and FR - the
fraction of those trapped who are rescued for two programs: D Prime and
Current Capability Maintained. In addition, it exhibits the calculation in
PAM of the estimates of FF, FFSM, and FR for Program D Prime.

D g A

The relationships referred to herein, in the PAM calculations, are those
defined in Appendix B, Sections B.4 and B.5 of W.E. Strope and J.F. Devaney,
Effectiveness of Civil Defense Systems, Center for Planning and Research, Inc.
(June 1979).

In the population defense model, survivors in each shelter class are
partitioned into those trapped in debris and those not trapped. Those trapped
must be rescued; if not rescued, they become fatalities. Those not trapped survive
in shelter unless they become at risk from fires caused by detonations. The fire
and rescue problems exist only in the damaged areas. In the model, only the
fraction of the population experiencing more than 2 psi are potentially at risk
from fire or need rescue. Because the fire situation is an important determinant
in rescue feasibility, the basis for fire vulnerability will be discussed first.
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E.1 BASIC FIRE MODEL

Essentially all of the sustained fires resulting from the attack involve
buildings and originate from interior flammables ignited by the thermal pulse

(primary fires) and from damage to electrical circuits and gas lines (secondary
fires). The population is sheltered for the most part in the same buildings.

(Exceptions are Category A shelters -- mines, caves, and tunnels -- and

Category XE, expedient trench shelters). In the actual event, human behavior
will play a significant role. Most people will abandon a building that is
on fire, some will not, and some will flee when they did not need to. The
fire progress in large buildings will also be a variable. Sustained fires

in upper floors may be confined to those floors or spread upward, leaving

basements and lower floors habitable. On the other hand, debris fires in

the streets may render basements and lower floors untenable. The basic fire

model used here is an intentional simplification of these complex factors.

In this model, buildings suffering a sustained fire are assumed to be

completely consumed. People in these buildings are all at fire risk. The
population is assumed to be randomly distributed in buildings. Hence, if
20 percent of all buildings are burned, 20 percent of the population are

placed at risk. All untrapped persons at risk from fire are assumed to

abandon their shelters and attempt to leave the area. The fraction forced
out of shelter because of fire (FF) is therefore equal to the fraction of
buildings burned. Those not at risk (1 - FF) remain in shelter. Those
forced out of shelter may become fatalities in the external fire environment.

The survival fraction (FFS) is assessed only against the fraction
forced out of shelter (FF) and it depends on the intensity of the fire
environment when they are forced out. Those who survive may become fallout

casualties later because of the loss of their shelters.




Buildings are burned and people are forced out of shelter over a
considerable period of time after detonations occur. The basic fire model
provides for five generations of fires. The initial (fo) set of fires
consist of the primary ignitions that survive the extinguishing effect of
the blast wave plus the secondary fires caused by blast damage. The average
time at which these initial fires force people out of shelter is 15 minutes
after detonation. The next (fl) set of fires consist of those caused by
the rekindling of some of the primary ignitions that were reduced to a
smouldering condition by the blast wave. The average time at which this
set of fires force people from shelter is taken to be 1 hour and 15 minutes
after detonation. The last three generations -~ fz, f3, and fa -- result
from fire spread from the combined initial and rekindled fires. The average

time between fire spread generations is taken to be 3 hours.

Parameters of the Basic Fire Model

The quantitative values of the inputs to the calculation of the fractions
of buildings on fire in the several fire generations are sensitive to a
number of parameters having to do with building characteristics, builtupness
of the area, and proximity to the detonation. The number of surviving ignitioms
and secondary fires, the fraction of smouldering fires that rekindle, the
probability of fire spread, and the effectiveness of fire suppression measures
are sensitive to the distance from the detonation. In this model, the
relationship to the detonation is measured by the overpressure experienced.
Since the analysis 1s concerned only with blast survivors, the overpressure
region of interest is from 2 to 10 psi, the rated median lethal overpressure
(MLOP) for all shelter classes being within this region with the exception of
Categories A and XE, which are deemed not susceptible to fire risk. However,
this band of overpressures is too broad for analysis of the fire threat.

Hence, the fire area of interest has been divided into three overpressure




regions for the analysis: 2-5 psi, 5-9 psi, and 9-11 psi. Input values
are estimated for each of these overpressure regions and a calculation of
generational burn made for each region. The several results are then

weighted by the fraction of survivors in each overpressure region.

A second parameter of importance is the building density or builtupness
of the area, which can affect most of the input parameters. For this analysis,

only two conditions of builltupness are recognized; light and heavy. The

"1light" condition represents areas of single~family dwellings, large buildings

in suburban shopping centers, and the like. In general, this condition is
applicable to the suburbs and suburban cities and towns. The "heavy" condition
represents commercial and central-city locations and is applicable to "down
town” in the larger cities. The estimates of the fraction of survivors in

the light condition of builtupness are shown in Table E.l. People sheltered

in home basements are all in the light category by definition, because the
basements of apartment buildings are classed as public shelters. Those at
random , the "stay-put" group, on the other hand, can reside in either the

light or heavy condition of builtupness.
TABLE E.1
FRACTION OF SURVIVORS IN LIGHTLY BUILTUP AREAS

SHELTER
CATEGORY FRACTION OF SURVIVORS

Low Best
Home Basements 1.00 1.00
Random 0.60 0.70
Public Shelter* 0.60 0.70
(B/C, E/F, G/H/I and XU)

* Categories A and XE are considered to be fire-safe,
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Since nearly all of the risk population (and hence, nearly all
experiencing more than 2 psi) reside in urbanized areas, the fraction of
the urbanized population living in one-unit structures (60 percent) is
taken as the low estimate of the fraction in the light condition of
builtupness. This fraction is regarded as the low estimate for several
reasons. First, not all multi-unit residential structures are located in
areas of heavy builtupness. Second, and more important, the MLOP for those
at random is only 4 psi; that is, survivers at risk from fire are in the 2
to 4 psi region. Because the builtup areas are generally subjected to high
overpressures in the attacks under consideration, the survivors are
predominantly in suburban areas. The DCPA data base does not permit a
direct assessment of builtupness in the areas subject to low overpressures.
Lacking such an assessment, it was judged that a high estimate would place
80 percent of the survivors in the light condition. The "best" estimate was
taken as midway between the low and high estimates; that is, 70 percent of those
at random in the light condition and 30 percent in the heavy condition.
The same estimates are made for public shelters for similar reasons. People
in Risk areas are constrained to use of shelter within about one mile or so
from their place of residence. It is unlikely that people would move from
the light to heavy condition under this constraint. Also, survivors in public
shelter at risk from fire are in the 2 to 10 psi region and therefore

predominantly in suburban areas for the attacks of interest.

A final parameter affecting the inputs is the dimensions and structural
characteristics of the buildings being used as shelter. In this analysis, a
distinction is made between single-family dwellings, on the one hand, and
"large buildings'" on the other.

e . - R R A e s g




Technical Inputs to the Basic Fire Model

The assessment of low, best, and high values for the fire characteristics
under these various conditions, assuming no fire countermeasures, was made by % .
Ruth W. Shnider from published sources and consultations with fire researchers. .
The results for large buildings in the light and heavy conditions of builtupness
are summarized in Tables E.2 and E.3. For comparison with later estimates
1 involving fire countermeasures, these computations were performed to produce the
estimates of numbers of fires for each fire generation and the summation
of total fraction of buildings burned. Since these estimates assume no counter-
measures, those that could be subject to countermeasures are "primed" to

indicate that they are potential values.

pfSeasvynnym

In Tables E.2 and E.3, aé and b; are the fractions of the total number of
. buildings in which primary and secondary ignitions respectively would occur, C
is the fraction of primary ignitions that would survive the blast wave, and k°

ovamap®\

- 1s the fraction of the blast-extinguished ignitions that would rekindle.

It can be seen from Table E.2 that the fraction of buildings burned, Zf;,
ranges from negligible to 3 percent in the 2 - 5 psi region: 10, 19, 34 percent
in the 5 - 9 psi region: and 19, 29, 39 percent in the 9 - 11 psi region. Note
that the increased burnout in the higher overpressure regions of lightly
builtup areas is due largely to sharply increased levels of primary ignitionms,

a;, and secondary fires as well.

In heavily builtup areas (Table E.3), the fraction of buildings burned
ranges from about 1 percent to 25 percent in the 2 - 5 psi region: 27, 40, 53
percent in the 5 - 9 psi region: and 34, 53, 66 percent in the 9 - 11 psi

region. Again, there is a sharp increase in the number of primary and secondary

W Frve-is 7, PPy oy

fires in the higher overpressure regions. Additionally, there is an increase d
in the probability of fire spread, Pgs especially ir the 2 - 5 psi region where g

——— .
(4

nearly all burning buildings are still standing.

1.




906€°0 S9L2°0 L981°0 0L£€E°0 2T61°0 Z960°0 ¥%€0°0 €LT0°0 %200°0 Wu K4

§Z00°0 8I00°0 ZTI00°0 7200°0  Z000'0 - 2000°0 - - s
STI0O'0 6800°0  900°0 80T0°0  LT00°0  6000°0 1100°0 Z000°0 - €3
9290°0 €%%0°0 6620°0 %60°0 €LT0°0 (800°0 .nmoo.o 9100°0  Z000°0 Y4
20 z°0 A1) 20 1°0 10 20 1°0 1°0 d
0L02°0 S8%TI°'0 9£60°0 081°0 LIT°0  98%0°0 9600°0 S%00°0  Z000°0 4
S0 S0 %0 S0 S0 £°0 8°0 S0 1°0 x
901°'0  €L0°0  950°0 60°0  950°0  8£0°0 810°0  T10°0 700°0 b
g 1°0 1°0 1°0 1°0 1°0 1°0 z°0 1°0 - %
S 90°0 %0°0 €0°0 S0°0 £0°0 20°0 S10°0 10°0 700°0 a
9%°0 £€°0 92°0 0%°0 9Z2°0 81°0 S10°0 10°0 200°0 e
Y3TH EEET o7 1537 Is9g Mo Y3IH Isag noT Indur
¥sd 11-6 754 6-¢ ¥sd 67

10y39y 2anssaadasag

SVAYV 4dOLTING XILHOIT NI SONIQTING AUV
774 I149vVL

v . . e g At - -,




[+ o]
!
=

6859°0
8L00°0
1€0°0
$t1°0
€Z°0
98v¢°0
s%°0
SLYT°0
sT°0

ST°0

[ATA MY
£900°0
L9T0°0
L€80°0
¢°0
1¢2°0
%°0
SL6T"0
sT°0
o1'0

S9°0

3Isag
18d 11-6

S6EL"0
¢200°0
6010°0
7%960°0
<0
¢91°0
£°0
11°0
10
s0°0
09°0

Mo

2625°0

2900°0

6%20°0

9660°0

1T

12¢°0

20

SLLT O

ST°0

80°0

SVa4v dnl1ing XTIAVAH NI SONIATINY 30¥VI

£70%°0

$200°0

9Z10°0

¢€90°0

z°0

091270

%0

I1°0

10

S0°0

09°0

Isag

T8d 6-¢

£892°0
L100°0
9800°0
£¥0°0
20
SET°0
£°0
80°0
1°0
£0°0
0s°0

Mo

-

uoy89y sanssalidaang

€4 d19VL

¢1e2°0
0%€£0°0
98%0°0
7690°0
L0
196070
$°0
1£%0°0
z°0
s10°0
€oyT0
Y3TH

SLIT 0
6L00°0
LST0°0
ETE0°0
0
£90°0
$°0
9610°0
10
10°0

9660°0

ELET

¥sd ¢-7

£L00°0

%000°0
S100°0
cZ°0
8100°0
1°0
%00°0
T0o
2¢00°0
20°0

Mo

u
F 2




The estimates for single-family dwellings are shown in Table E.4.

Homes are located only in the lightly builtup area. The estimates for the

2 -5 psi region are the same as for large buildings in the lightly builtup
area. Only one higher overpressure region is used, since the MLOP for people
in home basements is 10 psi. The sharp increase in burnout in the 5 - 10

psi region is caused by a large increase in the incidence of primary fires,
a;, because of the combustible nature of furniture, bedding, and furnishings

in residential occupancies.
E.2  ESTIMATES FOR PROGRAM D PRIME

Effectiveness of Fire Prevention Measures (Ea’ Eb)

The first, and possibly most important, fire countermeasures are the
fire prevention measures that can be taken prior to attack. These measures,
if effective, operate to reduce the incidence of the initial primary and
gecondary fires, a, and bo’ with consequences that could be traced through
Tables E.2, E.3, and E.4. Measures to prevent primary ignitions include
removal of uphostered furniture and bedding from the field of view of windows,
expedient treatment of fabrics with flame retardant solutions, opaqueing of
windows, and drawing of blinds and drapes. Cleanup campaigns are also useful.
Measures to prevent secondary fires are mainly the shutting off of electric
and gas utilities upon warning or upon relocating. These measures are all
feasible and natural in a severe crisis period. The effectiveness of fire
prevention depends mainly on the fraction of the population that actually

accomplishes the measures and not on post-detonation conditions.

Estimates of the effectiveness of fire prevention measures are made
separately for residential and non-residential buildings. The entire risk
population has fire services available who can try to help them accomplish
fire prevention measures. The term, help, as used here covers activities

ranging from providing advice and guidance to enforcement of local government

i




TABLE E.4
HOMES IN LIGHTLY BUILTUP AREAS

Overpressure Region
2-5 psi
Best High Low

0.01 0.015 .5
0.01 0.015 .01
.1 0.2 .1

0. .06

.3

0.1 .2

Hh O

0.0016 0.0055

™

0.0002 0.0011

"

- 0.0002

[2¢)
rh

0.0344

'
2
'
3
'
4
'
n
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directives and ordinances. Experience shows that the advisory activities

are alluded to in non-crisis situations but they become enforcement activities

in crisis situations, e.g., the blackout enforcement in wartime situationms.

Whether the fire services would engage in fire prevention activities in a

!
!
£
s
:
;
¥
,s
;

nuclear crisis will depend in part on whether these activities are included

in the operations plans (PB). It is estimated that at the completion of
Program D Prime adequate plans would cover virtually the whole risk population
(95, 97, 99 percent). The impact of such plans (APB) is based on the judgment
that fire services in about two-thirds of the risk areas would help without

specific plans; that is, 15, 35, 50 percent would not engage in these
activities without plans to do so.

Then, the fraction of the risk population who would have firemen trying
to help with fire prevention would be, as in relationship 2, FA =
FA'{1 - APB(1 - PB)}, and

Risk Areas &

Low Best High '
FA' 1.00 1.00 1.00
PB 0.95 0.97 0.99
APB 0.50 0.33 0.15
FA 0.98 0.99 1.00

The fraction of the risk population who might be helped by the fire

T AT

service, Kl, differs between residential and non-residential buildings. It

is estimated that the fire services will tend to concentrate on the larger
non-residential structures. Hence, the best estimate for residences is 50
percent, whereas the best estimate for non-residential buildings is 80 percent.
Then, in relationship 4, C * FA, and

i

£ K
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Residential Non-Residential
Low Best High Low Best High
FA 0.98 0.99 1.00 0.98 0.99 1.00
Kl 0.40 0.50 0.60 0.70 0.80 0.90
Cf 0.39 0.50 0.60 0.69 0.79 0.90

The risk population also can be helped by the warden service. This is
a traditional civil defense activity. In Program D Prime, this service is
considered to include trained Shelter Manager Officers, shelter managers,
shelter monitors, and, perhaps, police auxiliaries. The estimate of population
coverage at the completion of Program D Prime, WA', is drawn from other
calculations, especially those for remedial movement, FFR. The coverage and
effect of operations plans is considered the same as for the fire services.
Then, in relationship 3, WA = WA'{l - APB(1 - PB)}, and

Risk Areas
Low Best High

wA' 0.85 0.94 1.00
PB 0.95 0.97 0.99
APB 0.50 0.33 0.15
WA 0.83 0.93 1.00

The warden service is assumed to concentrate almost entirely on

residential structures; hence, the best estimate of KZ is 70 percent for

residences and only 10 percent for non-residential buildings. Then in G
relationship 5, Cw = K2 * WA, and
Residential Non-Residential
Low Best High Low Best High
WA 0.83 0.93 1.00 0.83 0.93 1.00 q
K, 0.60 0.70 0.80 0.05 0.10 0.15
Cw 0.50 0.65 0.80 0.04 0.09 0.15
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The occupants of any building may be helped by firemen or wardens
but need not be helped by both so that Cs =C.+ Cw - cfcw, and

N N L N

f
Residential Non-Residential
Low Best High Low Best High
Cs 0.70 0.82 0.92 0.70 0:81 0.92

The fraction of the population informed about the need for fire
: prevention by emergency public information (Ia) is estimated to be 95, 97, 100
7’ percent at completion of Program D Prime. The fraction of these who could
' accomplish the prevention measures with help (K3), for both residential and
non-residential buildings, is estimated to be 90, 95, 95 percent for the
in-place mode. The high estimate of 95 percent excludes those who would be
uncooperative under any circumstances. These are estimated to be about 5
percent of the population, based on recent national opinion sampling
(Nehnevajsa, 1979). For the relocated mode, the fractionm, K3, is estimated
to be substantially lower (70, 75, 90 percent) to account for people relocating
without leaving the premises in a protected condition. On the other hand,
the fraction who would not attempt fire prevention measures without help
; (ACs) is estimated to be the same for both in-place and relocated modes but
to differ between residential (60, 50, 40 percent) and non-residential
; (90, 80, 70 percent) buildings. Then, the fraction of the buildings in
; which fire prevention measures would be accomplished is found by combining
relationships 1 and 7, FE = K_ Ia{l - APB(1 - PB)},

3

Residential Non-Residential ¥
In~Place Relocated In-Place Relocated i
I 0.97 0.97 0.97 0.97 %
K, 0.95 0.75 0.95 0.75 :
¢ Cs 0.82 0.82 0.81 0.81 b
L ) ac, 0.50 0.50 0.80 0.80 :
; , FE (Best) 0.84 0.66 0.78 0.62 ‘

(Low) * 0.71 0.47 0.63 0.42
ol } (High) * 0.92 0.87 0.90 0.85 i
]';\ . * Calculations for low and high estimates omitted. 3
¥
¢




The estimated effectiveness of fire prevention measures in preventing
primary ignitions (K4) is 25, 30, 50 percent. This relatively low estimate
recognizes that the blast wave from one detonation may break windows and
dislodge blinds, leaving flammable materials exposed to the thermal pulse

from a later weapon. Then, the fraction of primary fires prevented (Ea) is

found in relationship 8, Ea = K4 » FE,
Residential Non-Residential
In-Place Relocated In-Place Relocated
FE 0.84 0.66 0.78 0.62
K4 0.30 0.30 0.30 0.30
Ea (Best) 0.25 0.20 0.23 0.19
{Low) 0.18 0.12 0.16 0.10
(High) 0.46 0.44 0.45 0.42

The effectiveness of utility turn-off on secondary fires (KS) is
estimated to be very high (80, 90, 99 percent). Then, Eb is found in
relationship 9, Eb = K5 * FE,

Residential Non~Residential
In-Place Relocated In-Place Relocated
FE 0.84 0.66 0.78 0.62
KS 0.90 0.90 0.90 0.90
Eb (Best) 0.76 0.59 0.70 0.56
(Low) 0.57 0.38 0.50 0.34
(High) 0.91 0.86 0.89 0.84

The effect of these fire prevention estimates on the initial fires is
summarized in Table E.5 and Table E.6. Shown is the comparison for public
shelter in light and heavy areas of builtupness and residential buildings in
the lightly builtup area. The values of a; and b; are drawn from Tables
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E.2, E.3, and E.4 respectively. The computed values of a, and bo are used
in subsequent calculations of FF and FFS. Not shown are the a, and bo values
for those at random in heavily builtup areas.

M
i
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ZRURE

Effectiveness of Fire Suppression (eg)

In principle, fires occurring after a nuclear attack can be extinguished
by any of three means: (1) the organized fire service and its auxiliaries,
(2) shelter occupants under organized leadership, and (3) self-help fire-
fighting by the public without leadership or with emergent leadershio. However, a

K it is estimated that the effectiveness of the organized fire service in

‘ ; fighting fires within the damaged area would be negligible because of damage
to equipment and personnel, debris blocking the movement of equipment, and lack
of water for firefighting. Hence, the effective role for the fire services

would be to prevent the spread of fire from damaged to undamaged areas. The

-

extinguishment of fire starts in the damaged area would be the result of
efforts by the population under organized shelter or emergent leadership.

It is judged that the nature of fire suppression activities would be to
extinguish fire starts within the shelter building and those in the immediate
vicinity that threatened the shelter. Thus, the effectiveness estimates

AL

made are intended to reflect the improved tenability of the shelters (and,

S

hence, a reduction in FF) but not necessarily the extinguishment of fires in
! unoccupied premises.

The calculations of fire suppression effectiveness are somewhat complex
because an estimate must be made for each fire generation, for each over-
pressure region, for each shelter class, and for the Risk area in both in-
place and relocated modes. The fraction of the risk population informed

about self-help fire suppression by EPI (Id) at completion of Program D Prime
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is estimated to be very high (95, 97, 100 percent). Of these, 30, 40, 50
percent would actually try to suppress fire starts if they were able (Kl).
Thus, OH', the potential unorganized capability to suppress fires, which is

basic to all calculations, is found in relationship 1, OH' = Kl I

d’
Low Best High
0.95 0.97 1.00
0.30 0.40 0.50

0.29 0.39 0.50

The potential public capability is degraded because of injuries (Kz).

Only uninjured survivors are considered able to suppress fires. The estimates
are made by reference to the DCPA casualty functions and vary with both over-
pressure region and shelter class. The fraction of the surviving population
fighting fires is further degraded by inadequacies in radiological monitoring
capability (OU) and communications from D&C (SO) to obtain the net fraction
fighting fires (OH). The results vary with overpressure region and shelter
class but are applicable to all fire generations. OH is the only suppression

capability available in home basements and to those at random.

The fraction of the population with organized leadership, WH', 1s basic
to all calculations for public shelters. The estimates are drawn from the
calculation of FPF and include shelter managers, shelter monitors, and police
monitors in shelter. The estimates of population coverage are 85, 95, 100
percent for the Risk area In-place and 4, 8, 16 percent for the Risk area

after relocation occurs.

These estimates are reduced by the fraction uninjured, K3, which varies
with overpressure region and shelter class and by the inadequacies in

radiological monitoring (US) and instructions from the direction and control
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element in the EOC (SP). The latter estimates are drawn from the FPF calculation.
(See Appendix F) The resulting estimates of the net organized capability for

fire suppression (WH) vary with overpressure region and shelter class but

are applicable to all fire generations. For public shelters, the estimates

of OH and WH are combined as redundant capabilities to reach an estimate of

the total fraction of survivors engaging in fire suppression, Es‘

Although this net capability is available in all fire generations, the
effectiveness in extinguishment, K&’ will vary from generation to generationmn.
The estimates of K&’ which is the fraction of sustained fires extinguished if
all survivors engage in fire suppression, are shown in Table E.7. 1In the
table, the possibility that survivors in home basements could suppress fires
in the 5 - 10 psi region is considered negligible because residences would be

reduced to debris at this overpressure.

People in home basements and at random in buildings would be in
residences in the 2 -~ 5 psi region. The survivors in home basements (Kz)
are much more effective than the stayputs mainly because 62 percent survive
uninjured compared to about 10 percent in the at-random condition. The
people at random have no support whereas those in home basements have some
residual capability to hear instructions over the EBS (SO = 4, 14, 28 percent).
(The estimates for SO are drawn from the FPF calculations.) However, it was
estimated that very few (0, 5, 10 percent) would fail to fight fires because
of lack of monitoring capability or instructions (AOU and ASO). Then,
OH is found in relationship 2, OH = OH' * Kz{l - AoU(1 -~ oU)}{1 - AsO(1 - SO)},

Home Basements At Random

Low Best High Low Best High

OH' 0.29 0.39 0.50 0.29 0.39 0.50

K, 0.62 0.62 0.62 0.10 0.10 0.10
ou - - - - - -
aou 0.10  0.05 - 0.10  0.05 -
$0 0.04 0.14 0.28 - - -
As0 0.10  0.05 - 0.10  0.05 -
OH 0.15 0.2z 0.31 0.02 0.06 0.08
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When these values of OH are applied to the values of K4 from Table E.7,
the following estimates of the fraction of fires extinguished (ez) for home

basements and random residences are obtained,

Home Basements At Random

Low Best High Low Best High
e, 0.02 0.06 0.11 - 0.01 0.03
ey 0.01 0.02 0.06 - - 0.02
e, 0.09 0.17 0.28 0.01 0.03 0.07
e, 0.09 0.17 0.28 0.01 0.03 0.07
eq 0.09 0.17 0.28 0.01 0.03 0.07
e, 0.09 0.17 0.28 0.01 0.03 0.07

In the calculation of effectiveness of fire suppression in Category B/C
. shelters in the 2-5 psi overpressure region (both light and heavy builtupness),
the basic inputs OH' and WH' have been discussed earlier on. In this over-
pressure region, 94 percent of the survivors are uninjured (K2 and K3). The
estimates for OU, SO, US, and SP are drawn from the calculation of FPF.
The effect of this support (AOU, ASO, AUS, and ASP) is the same as in
homes. Then, the effectiveness of the public (OH) is found in relationship 2,

’
‘ OH 0.22 0.34 0.47 0.21 0.33 0.47
'
|

OH = OH' + K,{1 - A0U(1 - OU)}{1 - AsO(1 - SO)}, 3

In-Place Relocated ]

Low Best High Low Best High 1

OH'  0.29 0.39 0.50 0.29 0.39 0.50 ]

K, 0.94 0.94 0.94 0.94 0.94 0.94 3

| ou 0.06 0.18  0.338 0.0l  0.02  0.05 ]
AOU  0.10  0.05 - 0.10  0.05 - 3

&+

t S0 0.17 0.40 0.67 0.03 0.10 0.22 g

bl '




E-22

Similarly, the effectiveness of organized, shelter-based fire
suppression (WH) is found in relationship 3, WH = WH' + K
{1 - Aus(2 - us)}1 - AsP(1 - sp)},

3

In-Place Relocated

Low Best High Low Best High
WH' 0.86 0.95 1.00 0.04 0.08 0.16
K3 0.94 0.94 0.94 0.94 0.94 0.94
us 0.41 0.61 0.84 0.02 0.04 0.11
AUS 0.10 0.05 - 0.10 0.05 -
SP 0.17 0.40 0.67 0.11 0.30 0.53
ASP 0.10 0.05 - 0.10 0.05 -

WH 0.70 0.85 0.94 0.03 0.07 0.15
And because OH and WH are redundant, Es = 0OH + WH - OH * WH,

E, 0.77 0.90 0.97 0.23 0.38 0.55

Calculation of Es for other overpressure regions is changed only by
the fraction of survivors who are uninjured, which for this shelter class
are 61 percent in the 5-9 psi overpressure region and 19 percent in the 9
to 11 psi region. Hence, by ratio, the complete set of suppression estimates
for Category B/C shelter can be calculated. The calculations for the other
public shelter classes also vary only with the fraction of survivors who are
uninjured, which is 10 percent in the 2 to 5 psi region and zero in the higher
overpressure regions. The results of all calculatioms of e8 are summarized in
Table E.8.

Estimates of Fraction Forced Out (FF)

Estimates of FF are obtained by combining the fire prevention and
suppression estimates derived above with appropriate values from Tables E.1,

E.2, E.3 and E.4, as in the following example calculation for people in home
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basements. The fraction of buildings with primary fires after the blast

wave and suppression activities is found in relatiomship 1,

fa = aoco(l - ea),

2-5 psi 5-10 psi
Low Best High Low Best High

a, 0.0011 0.0075 0.0123 0.27 0.45 0.574
<, 0.10 0.10 0.20 0.10 0.10 0.10
1l- e 0.89 0.94 0.98 1.00 1.00 1.00

fa 0.0001 0.0007 0.0024 0.027 0.045 0.0574

The fraction of buildings with secondary fires after suppression is

found in relationship 2, f, = bo(l -e),

2-5 psi 5-10 psi
Low Best High Low Best High
b, 0.0002 0.0024 0.0065 0.0009 0.0048 0.0086
1-e, 0.94 0.98 0.99 1.00 1.00 1.00
£ 0.0002 0.0024 0.0064 0.0009 ©0.0048 0.0086

And the total fraction with surviving initial fires, fo = fa + fb

fo 0.0003 0.0031 0.0088 0.0279 0.0498 0.066

In the first fire generation, some of those extinguished by the blast
wave rekindle (ko) and some are suppressed (el). Then the fraction of buildings
with fires in the first generation is found in relationship 4,
fl - ao(l - co)ko(l - el),

2-5 psi 5-10 psi
Low Best High Low Best High

0.0011 0.0075 0.0123 0.27 0.45 0.574
0.90 0.90 0.90 0.90 0.90 0.90
0.10 0.50 0.80 0.30 0.40 0.50
0.72 0.83 0.91 1.00 1.00 1.00

0.0001 0.0028 0.0072 0.0729 0.162 0.258




(5)

(6)

(7)

f°+f1

Pg

1-e2

2-5 psi

In the second and succeeding generations additional fires result from
spread of fire from those in the preceding generation and some of them are

suppressed, as in relationships 5, 6 and 7, fn = fn—l * Pg (1 - en)

And the total fires in all generations g fn is

basements surviving in the two regions:

Low

2-5 psi region 0.0004
5-10 psi region 0.112

FF

0.06

5-10 psi

Best Best High
0.0059 0.2118 0.3243
0.10 0.10 0.
0.83 1.00 1.
0.0005 0.0212 ¢
0.83 1.00 1.

- 0.0021 0.
0.83 1.00 1.

- 0.0002 (]
0.0064 0.2353 0.4047

The fractions of buildings burned in the two regions are combined by
weighting them in proportion to the fraction of the population in home
Then, the estimates

of FF for home basements is the weighted sum of the fractions of houses burned:

B L TH L OO S e s g 6T anay T S




Estimates of Fraction Surviving (FFS)

The fraction of buildings burning in each of the individual generatioms,
fo’ fl’ etc., is a measure of the fire environment offering a life hazard to
those forced out at the time. The fraction killed, FFK, is estimated to be
zero if fn-is less than 0.02; that is, if less than two buildings in 100 are
burning. On the other extreme the fraction at risk killed in the Hamburg fire
storm (20 percent) is assumed where all buildings are burning in the same
generation. The fatality relationship is assumed to be linear between these
two points, so that

FFK = 0.204 fn - 0.004 and FFS = 1 - I FFK for all fn.

In the home-basement example above, fn exceeds 2 percent only in fo’

fl’ and f2 in the 5-10 psi region. Then FFS is found,

5-10 psi
£

FFK

Low Best High Low Best High
FFK,  0.0279 0.0498  0.066 0.0017 0.0062 0.0095
FFK, 0.0729 0.162 0.2853 0.0109 0.029 0.0487

FFK, 0.0101 0.0212 0.0649 - 0.0003 0.0092

LFFK 0.0126 0.0356 0.0674

Then, weighting the values of LFFK by the fractions surviving in the
two regions (0.5/0.5), the weighted values of LFFK and of FFS for home
basements are,

Low  Best  High
LFFK 0.0063 0.0178 0.0337
FFS 0.99 0.98 0.97
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Summary of Estimates of FF and FFS

4 : In estimating FF and FFS for the several classes of shelter the

fraction of survivors in each overpressure region were obtained by inspection

BRI 2

1 of the attack enviromment matrix for the attacks under consideration. Only
1 survivors experiencing at least 2 psi are considered since FF is applied only
. to this group. The survivors in Category B/C shelter are distributed 49
percent in the 2-5 psi region, 38 percent in the 5-9 psi region and 13 percent
in the 9-11 psi region. The survivors in Category E/F are 56 percent in the
2-5 psi region and 44 percent in the 5-9 psi region. Survivors in Categories
f ‘ G/H/I, XU, and those at random are all in the 2-5 psi region. For all categories

except home basements, the results must also be weighted by the fraction of
survivors in light and heavy areas of builtupness (Table E.l). The resulting
estimates of FF and FFS that are used as input to the population defense model

are summarized in Table E.9.

TABLE E.9
ESTIMATES OF FF AND FFS

In-Place Relocated
SHELTER
CATEGORY Low Best High Low Best  High
At Random - 0.03 0.09 - 0.03 0.10
Home Basements 0.06 0.12 0.21 0.06 0.13 0.23 :
FF B/C 0.03  0.08  0.17 0.03  0.11  0.22 :
E/F 0.03  0.09 0.17 0.03  0.10 0.21 :
G/H/1, XU - 0.01 0.02 - 0.03 0.10
; At Random 1.00  1.00  1.00  1.00 1.00  1.00
' Home Basements 0.99 0.98 0.97 0.99 0.98 0.97
FFS B/C 1.00  0.99 0.98 1.00  0.99 0.97
‘ E/F 1.00  0.99 0.97 1.00  0.99 0.97
,L ) G/H/1, XU 1.00  1.00 0.99 1.00  1.00 0.99
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‘ Time Considerations

Those forced out of shelter by the fire threat (FF) are subject to
radiation injury and death from the ensuing fallout event. The time at which
they are forced out of shelter (TF) is important to the calculation of
radiation casualties. As noted earlier, it is assumed that people are forced

from shelter because of initial fires at about 15 minutes after detonatiom,

e

those because of rekindled smouldering ignitions about 1 hour later, and those
at risk from the fire-spread generations at 3-hour intervals thereafter. These
times can be weighted by the fraction forced out at each generation to obtain
an average fime for TF. However, all of the times of interest are quite short
from the point of view of shelter stays. Moreover, Tables E.2, E.3 and E.4 i
show that most are forced out in the first two fire generations, with the
exception of those in heavily builtup areas in the 2-5 psi region where fire

. spread plays a significant role. With this exception, the average TF is about
1 hour after detonation. On the other hand, fallout arrival is taken to be 1
hour in risk (damaged) areas in the population defense model. Hence, a
precise estimate of TF is of little consequence. TF has been taken as 1 hour
in all instances, thus depriving those forced out because of fire of their

rated shelter protection factor for calculational purposes.

Estimates of Fraction Rescued (FR)

In the population defense model, the input FR, the fraction of the
trapped who are rescued, acts to remove a portion of the trapped in each {
shelter category from the trapped state. Those who are not rescued (1 - FR)
are considered fatalities. The technical basis for estimating the fraction
rescued is almost non-existent. Civil defense studies of the 1960's seem to 4
have concluded that rescue after a nuclear attack had little cost/effectiveness
and let it go at that. '

T ~ . l.;
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There are two distinct kinds of rescue operations: (1) immediate rescue,
and (2) reentry rescue. Immediate rescue of the trapped, as the name implies,
would occur in the first hour or so after detonation while fire suppression
efforts were occurring and before fallout radiation made the operation too
hazardous. The few data available on entrapment indicate that most individuals
are lightly trapped; that is, heavy equipment or tunnelling would not be
needed for their release. As with fire suppression, immediate rescue could
be undertaken by a trained rescue force, by survivors with organized shelter
leadership, or by spontaneous rescue efforts by survivors with or without
emergent leadership. In large shelters, some survivors may be trapped while
others in the same structure are not trapped. Spontaneous rescue efforts
are most likely in these circumstances. If, in Program D Prime, the shelter
organization is well developed -- shelter managers, shelter complex head-
quarters, and Shelter Manager Officers -- shelter-based rescue of the trapped
in nearby shelters might be undertaken. Some jurisdictions may develop an
organized rescue force under the fire service but no effort of this kind is
planned for specifically in Program D Prime as presently conceived. Data
that would permit an estimate of the likely effectiveness of immediate rescue

efforts are not available.

Reentry rescue would involve the search for and release of trapped
survivors after the hazards of fire and fallout had subsided. Fire would
be a minor obstacle after the first day. Fallout radiation would be a more
serious constraint in much of the damaged area for the attacks under
consideration. Nonetheless, about 20 to 40 percent of the trapped would
become accessible by the end of the second day, assuming operations in an
environment of 5 Roentgens per hour (40R in an eight-hour day) and 80 to 90
percent would become accessible by the fifth day, according to the attack

environment data. Reentry rescue is conceived as an organized effort mounted

from the edge of the damaged area or from shelters. In the relocated mode,

o

-
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most of the reentry rescue would come from outside the thinly populated

risk areas. In the in-~place posture, organized efforts would begin from
shelter in the lightly damaged areas. About one-third of the trapped would

be located in the 2-5 psi region; most of the remainder in the 5-10 psi regionm.
Delay of rescue for several days to a week would result in loss of some of

the trapped because of fire as well as blast injury. Most of the trapped would
be injured but, since the casualty data assume no medical care, few of the
injuries would be fatal even without treatment. Data on the effectiveness of

reentry rescue are not available.

A part of PAM for estimating FR has been developed but since no basis
for estimating the range of values for relative effectiveness of the
alternative methods exists, this procedure was not used. Rather, a crude
approximation was introduced pending more study of the problem. The
approximation consists of two assumptions, first that immediate rescue would
be completely ineffective and second, that reentry rescue would be completely
effective. That is, it was assumed that no trapped people would be rescued
in the first few hours but that all survivors would eventually be rescued.
This is, of course, not a likely contingency in reality, although it reflects

the probable direction of the effectiveness factors. In the real event, there

would undoubtedly be a great deal of spontaneous immediate rescue of family

members in home basements and large shelters, rescue incidental to fire

search and suppression, and the like. On the other hand, reentry rescue is ‘
unlikely to be completely effective. Radiation hazards that would bar

reentry operations would persist for many days in some areas, causing trapped
survivors to die of wounds, thirst, or exhaustion. Search would not be }
completely effective and decisions might be made not to persist in rescue ‘
efforts in the light of other priorities. The approximation used here is a
useful tool if the rescued discounted in the immediate period tend to balance
the overstated reentry performance.




The fraction of the trapped who are rescued under the approximation
agsumptions is directly related to the fire risk calculations of the previous
sections. If they had not been trapped, these persons would have been forced
out of their shelters if at fire risk in any burn generation. Since we have
assumed that any building with a sustained fire is completely consumed, FF of
the trapped would have been killed by fire. Thus, FR is equal to 1 - FF.

To account for the fact that the trapped survivors are located primarily
in the higher overpressure regions, the estimates of FF for the highest
overpressure region appropriate to the Category B/C and E/F shelters and home
basements have been used rather than the weighted averages. The Category
G/H/1I and XU shelters and the at-random category have survivors only in the
2-5 psi region; hence FR is directly equal to 1 - FF for these groups. The
Category A, Y, and XE shelters were judged not to be at fire risk; hence, FF
is zero for these categories. However, the use of the general formula for
entrapment (MIOP = 0.88 MLOP) undoubtedly overstates the likely entrapment
probabilities for these shelters. To partially compensate for overestimation
of the number trapped, all of the assumed trapped are considered to be rescued
in these categories (FR = 1.0). The estimates of FR derived in this fashion
are summarized in Table E.10. In keeping with the assumption that all rescue
occurs upon reentry, the time of rescue, TR, is estimated to range from 48

hours to 120 hours, with a best estimate of 90 hours.

TABLE E.10
FRACTION RESCUED (FR)

Shelter In-Place Relocated
Category Low Best High Low Best
At Random 0.97 1.00 0.97
Home Basements 0.76 0.89 0.74
A, XE, Y 1.00 1.00 1.00

B/C 0.79 0.91 0.75

E/F 0.83 0.94 0.81
G/H/1, XU 0.99 1.00 0.97
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E.3 ESTIMATES FOR CURRENT CAPABILITY MAINTAINED

In view of the relatively small values found for FF and the relatively H 3
i large values found for FFS in the estimates for Program D Prime, it was );
; judged not worthwhile to make estimates for all of the combinations of shelter

class, relocation mode, overpressure region, and builtupness. Instead the B/C,

in-place, 5-9 psi, heavy-builtupness combination was selected as representative
and estimates of FF and FFS were made for it. In that calculation, only the

following changes were made from the input values used for the Program D Prime

The availability of adequate operations plans for fire prevention acti-
vities by the fire service was taken at about half (40, 45, 50 percent)
for Program D Prime. The current capability does not provide for the warden
service activity, so its fire prevention effectiveness was set to zero. The

resulting values of Ea and Eb for non-residential buildings were found to be,

{
estimates.
Effectiveness of Fire Prevention Measures (Ea’ Eb) A

Low Best High
E 0.05 0.09 0.21 z
E, 0.15 0.28 0.42 ¥
When these values are applied to the values of a; and b; from Table E.3 < 4
(large buildings, heavy builtupness, 5-9 psi), the following is found,
Low Best High Low Best High !
! 0.50 0.60 0.65 b; 0.03 0.05 0.08 }
E, 0.21 0.09 0.05 Eb 0.42 0.28 0.15 i
a, 0.395 0.546 0.6175 bo 0.0174 0.036 0.068 3
‘ v
v.O
'
/
Eh /




Effectiveness of Fire Suppression (eg)

Input values for OH', WH', OU, SO, US, and SP were drawn from the
calculation of FPF for Current Capability Maintained. As a result, the
effectiveness of fire suppression (Es) in B/C shelters in the 5-9 psi region

was found to be 19, 27, 43 percent. When these values are applied to the

appropriate values of K& from Table E.7, the following are obtained:

Low Best High
0.01 0.03 0.05
0.01 0.01 0.03
0.01 0.03 0.07
0.01 0.02 0.04
0.10 0.16 0.27
0.10 0.16 0.27

Estimates of FF and FFS

When the above values are applied the estimates of FF and FFS for B/C
shelters in 5-9 psi and heavy builtupness are found to be:

FF FFS

Low Best High Low Best High
0.21 0.34 0.48 0.97 0.94 0.92

Comparable values obtained in the estimates for Program D Prime were:
FF = 0.13, 0.29, 0.44 and FFS = 0.99, 0.95, 0.91. Comparing these two sets
of estimates yields the following ratios for CCM/D Prime: FF= 1,21,
(L~ FFS) = 1.25. In view of (a) the small effect that FF and FFS have on
the final casualty estimates and (b) the tentative nature of the relationship
between the D Prime and Current Capability Maintained programs, these ratios
were rounded to 1.2. Then, estimates of FF and FFS for the Current Capability
Maintained were obtained by applying this ratio to the estimates of FF and
1 - FFS obtained for all combinations of shelter class, overpressure region,
and builtupness for Program D Prime.
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Appendix F
EFFECTIVENESS OF IMPROVING FALLOUT POSTURE (FPF)

This Appendix presents the rationale for the input values used in the
Program Analysis Model (PAM) to produce estimates of FPF for two programs:
D Prime and Current Capability Maintained.

The structure of this Appendix follows that of the definitive description
of PAM in Appendix B, Section B.6 of W.E. Strope and J.F. Devaney, Effectiveness
of Civil Defense Systems, Center for Planning and Research, Inc. (June 1979).

This rationale starts with the calculation of FPF and proceeds to the

subordinate calculations in the order shown below.
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Fraction in Improved Fallout Posture (FPF)-Home Basements
Shelter Communications (SO, SP)

D&C-Public Information (DS)

D&C-Inform System (DZ)

Shelter RADEF - Organized (US)

Shelter RADEF - Emergent (OU)

ESTIMATES FOR CURRENT CAPABILITY MAINTAINED

COMPARISON OF RESULTS




WEREZTT T SE R A - S R A e AT e e et Sl i ML . S8

F.1 ESTIMATES FOR PROGRAM D PRIME

Fraction in Improved Fallout Posture (FPF) - Public Shelters

The POPDEF input parameter FPF is the fraction of the surviving population
in shelter class i that find and remain in the best-protected parts of the
shelter after fallout arrival. In the POPDEF casualty assessment program,
this fraction (FPF) is assigned the increased protection factor -- PFi(l + APFi)
1 ' —- achieved by the improved posture. The remaining fraction (1 - FPF) is assigned
; the rated protection factor (PFi) and the two groups are handled separately in
the subsequent analysis. The technical estimates of APF, for the several

i
shelter classes made by the expert panel are as follows:

Shelter Class APF
A, XE, Y 0

3 ' B/C, XU, XE2 . 0.75
D, E/F, G/H/I 1.00

The estimated potential capability of shelter managers to achieve the
improved fallout posture (WP') is the same as WL' in the calculation of AMLOP.
Since managers on board at the start of Program D Prime will need retraining
for this function as well as for the blast protective posture, the estimate
assumes that all managers recruited in the course of Program D Prime (plus
surge) and half those on board would be trained in the low and best estimates.
All are trained in the high estimate. The estimates also assume that managers
survive in the same ratio as does the population. Kl, the relative ability of
shelter managers to place the shelterees in the fallout protective posture,
is judged quite high -- the equal of that for the blast protective posture in
the best and high estimates and somewhat better in the low estimate - since the
urgency would be somewhat less than for blast protection. Then, in

relationship 1, Cw = K. « WP', and

1
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In-Place Relocated In-Place Relocated
wp' 0.58 0.05 0.50 0.58 0.45
K 0.90 0.90 0.90 0.90 0.90

1 - s R i i

Cw (Best) 0.52 0.04 0.45 0.52 0.40
(Low) * 0.42 0.02 0.36 0.42 0.27
(High)* 0.86 0.11 0.76 0.86 0.76

Shelter monitors, UB', would also have a capability to place the shelterees
in the fallout protective posture. Program D Prime proposes to train "the bulk"
of the needed shelter monitors. The estimates 70, 85, 95 percent are quantitative
estimates of '"the bulk" and are comsidered appropriate to all modes except Risk-
Relocated. In the Risk areas after relocation, the coverage of the stayput
population would be minimal (2, 2, 5 percent) because trained shelter monitors

would most likely relocate. The relative ability of shelter monitors to place

the sQelterees in the fallout protective posture, KZ’ is considered less than

for trained shelter managers but still reasonably effective (60, 75, 90 percent)
as their radiological instruments would constitute their "badge of authority".
Then, in relationship 2, Cu =Ky UB', and

Host N/A

Risk
In-Place Relocated In-Place Relocated
UB' 0.85 0.02 0.85 0.85 0.85

K 0.75 0.75 0.75 0.75

2 - - - -

Cu (Best) 0.64 0.02 0.64 0.64
(Low) 0.42 0.01 0.42 0.42
(High) 0.86 0.03 0.86 0,86

*Calculations for low and high estimates omitted.
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Police monitors,UD', also would have the capability to place the shelterees

in the fallout protective posture. The basic estimate was made for the Risk

; In-place mode. It was estimated that police monitors would be part of the
regular police assigned to expedite movement to shelter and would take shelter
with shelterees. The nationwide ratio of local police to population was 1 to

427 in 1975, according to the 1977 Statistical Abstract of the United States.

L It is estimated that about half would be involved in movement to shelter. Since
' the average public shelter population is estimated to be 250, 27 percent of the
shelters could have a police officer in shelter. This value was used as the
high estimate, assuming all are monitors, and half this amount in the low estimate,
in which it was assumed that either only half were trained monitors or that there
was inefficient allocation of police monitors to shelters. (No auxiliary police
were assumed to be monitors.) These estimates were judged applicable to the
. Host-Relocated mode as well since police monitors would relocate with the ;
population. The fraction of population having police monitors in the Host-In- t
place and Neither areas was judged to be half the previously estimated values. {
In the Risk-Relocated mode, it was judged that coverage would vary from none to
perhaps 2 percent depending on the degree to which police on patrol in the
vacated risk areas would take shelter in public shelters upon attack warning.

Police monitors were considered equally likely to be able to place the

shelterees in the fallout protective posture as were shelter managers (K3 = Kl).

Then, in relatiomship 3, Cd =Ky UD', and

In-Place Relocated In~Place Relocated
up' 0.20 0.01 0.10 0.20 0.10
K3 0.90 0.90 0.90 0.90 0.90
Cd (Best) 0.18 0.01 0.09 0.18 0.09
(Low) 0.12 - 0.06 0.12 0.06
(High) 0.26 0.02 0.13 0.26 0.13




Since managers, shelter monitors, and police monitors are independent,

redundant means of achieving the fallout protective posture, the fraction

of the population having at least one of these means is the sum of Cw' Cu’
and Cd less the several joint products and plus the triple product. This is
the fraction (WM') that would be placed in the protective posture, given
support in the form of radiological measurements (US) and instructions from
D&C (SP). Then, in relationship 4, WM' = Cw + Cu + Cd - cho-'°CwCqu, and

Risk Host N/A

In-Place Relocated In-Place Relocated
WM' (Best) 0.86 0.07 0.82 0.86 0.80
(Low) 0.70 0.03 0.65 0.70 0.60
(High) 0.99 0.15 0.97 0.99 0.97

The effect of receiving instructions from D&C to place people in the
safest parts of the shelter is limited by the judgment that 50, 60, 70 percent of
trained leaders (managers, monitors, or policemen) would do it anyway. ASP is
the complement of this’estimate = 50, 40, 30 percent. The fraction of
surviving population receiving such instructions (SP) is brought forward from
a stbordinate calculation. The effect of the organized shelter monitoring
capability on the ability of the leadership to achieve the fallout protective
posture (AUS) 1is based on the judgment that from 50, 65, 75 percent of the
shelter population could be placed in the proper posture without radiation

measurements, given advice from D&C. This judgment recognizes that the approximate

guidelines that could be given (along the walls in basement areas and in core
areas of above ground shelter areas) would be effective most of the time. The

fraction of the population with monitoring capability in public shelters (US)

is brought forward from a subordinate calculation. Then, in relationship 5,
E, = WM'{1l - ASP(1 - SP)}H{1 - AUS(1 - US)}, and
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In-Place Relocated In-Place Relocated
wM' 0.86 0.07 0.82 0.86 0.80
SP 0.90 0.84 0.96 0.96 0.96
ASP 0.40 0.40 0.40 0.40 0.40
us 0.61 0.04 0.85 0.87 0.85
AUS 0.35 0.35 0.35 0.35 0.35
Eg (Best) 0.71 0.04 0.76 0.81 0.75
(Low) 0.44 0.01 0.53 0.58 0.50
(High) 0.95 0.12 0.96 0.98 0.96

In calculating the effectiveness of emergent leaders in achieving the
fallout protective posture, information about the fallout protective posture
in crisis public information (Id) was judged to prepare 50, 65, 80 percent of
the population (OM') to adopt the posture, given a monitoring capability (OU)
and advice from D&C (S0), except for stayputs in the Relocated Risk areas, who
were judged poorly prepared (5, 7, 10 percent). These estimates are identical
with those used in calculating AMLOP. The public monitoring capability (OU)
was brought forward from a subordinate calculation. The importance of a
monitoring capability to emergent leaders was judged to be the same as for
the organized capability (AUS). The fraction of the population receiving
instructions from D&C on adopting the posture (S0) was brought forward from a
subordinate calculation. The importance of these instructions (ASO) was judged
to be 75, 65, 50 percent. The relative effectiveness of emergent leaders (K4)
was judged to be relatively lower than organized leadership (Kl’ K2 and K3),
30, 45, 60 percent. Then, the fraction of the population placed in the
improved fallout posture by emergent leaders is found by combining relationships

7and 8, E =K, * OM {1 - aou(1 - ou)}{1 - ASO(1 - SO)}, and
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Risk Host N/A

In-Place Relocated In-Place Relocated
KA 0.45 0.45 0.45 0.45 0.45
oM' 0.65 0.07 0.65 0.65 0.65
ou 0.23 0.02 0.40 0.40 0.40
AQU . 0.50 0.50 0.50 0.50 0.50
SO 0.70 0.65 0.74 0.74 0.74
ASO 0.65 0.85 0.65 0.65 0.65
E° (Best) 0.14 0.01 0.17 0.17 0.17
(Low) 0.04 - 0.06 0.06 0.06
(High) 0.35 0.03 0.38 0.38 0.38

The effectivenesses of emergent leaders and organization personnel are
redundant. Then, in relationship 9, FPF = Es + Eo - EsEo’ and the fraction
of the population of public shelters in the improved fallout posture is

In-Place Relocated In-Place Relocated
(Best) 0.75 0.05 0.80 0.84 0.79
FPF (Low) 0.46 0.01 0.56 0.61 0.53
(High) 0.97 0.15 0.98 0.99 0.98

Fraction in Improved Fallout Posture (FPF) - Home Basements

The calculations for home basements are similar to those related to the
emergent leaders in public shelters. The fraction of the population in home
basements with a family head who would attempt to adopt the fallout protective
posture, given a monitoring capability and instructions from D&C via EBS (OM'),
was judged to be equal to the estimate of emergent leaders in public shelters.
It was assumed that the fraction of the public in home basements with a
radiation detection instrument was negligible (OU = 0). The importance of
monitoring capability (AOU) was judged to be the same as in public shelters.

i i e e =
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The fraction of the public receiving guidance from D&C (SO) was judged to be
equivalent to SO'. The relative understanding of the message (K2 in the
calculation of SO) was combined with the relative effectiveness of achieving
the postures into a single K factor. The effect of instructions from D&C (ASO)
was assumed to be the same as for emergent leaders in public shelter. The K
factor was judged to be largely a matter of understandability of instructioms,
which are basically simple (best corner of basement). Actually placing the
family group in this location would not be difficult compared to organizing a
much larger group of people in public shelters. Altogether, K was estimated

to be 60, 75, 90 percent. Then, FPF = K * OM'{1 - A0U(1 - OU) {1 - Aso(1 - SO)},
and

In-Place Relocated In-Place Relocated

K 0.75 0.75 0.75 0.75 0.75
oM’ 0.65 0.07 0.65 0.65 0.65
ou - - - - -
AOU 0.50 0.50 0.50 0.50 0.50
SO 0.89 0.85 0.89 0.89 0.89
4s0 0.65 0.85 0.65 0.65 0.65
FPF (Best) 0.23 0.02 0.23 0.23 0.23

(Low) 0.09 0.01 0.09 0.09 0.09

(High) 0.47 0.06 0.54 0.54 0.54

Shelter Communications (SO, SP)

Shelter occupants can receive information from D&C in two ways: (1)
through system communications from EOCs via shelter complex headquarters and
(2) via EBS broadcasts. Both trained leaders and emergent leaders have access

to both means where they are functional.
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As in the blast-protective posture calculation, it was estimated that

there would be at least one battery-powered radio available in public shelters
(SOE = 1), even in damaged areas, since over half the average 80 families per
shelter were judged to take a radio to the shelter with them. However, receipt
of an EBS message to assume the fallout protective posture would depend upon the
ability of D&C to broadcast (DS) calculated separately. ADS, the importance of
the D&C capability, is considered absolute (in contrast to the preattack case)

, because of the likely loss of communications from Federal and State levels in

E the period immediately after attack. Then, in relationship 4,

‘ S0' = SOE{1 - ADS(1 - DS)}, and

Risk Host N/A
In-Place Relocated In-Place Relocated

SOE 1.00 1.00 1.00 1.00 1.00 ;
\ DS 0.89 0.85 0.89 0.89 0.89 :
ADS 1.00 1.00 1.00 1.00 1.00 é
SO' (Best) 0.89 0.85 0.89 " 0.89 0.89 f

(Low) 0.77 0.72 0.77 0.77 0.77

(High) 1.00 0.99 1.00 1.00 1.00

In calculating the fraction of the population having a system communication

; link after attack (SPE), it was assumed that local telephone communications would

} be out in Risk areas but usable in Host and Neither areas. Further, it was
‘ judged that half of the preattack radio coverage would be lost in Risk areas.
' This loss would be mainly at the shelter complex headquarters level. Thus, in

{ Risk areas, the estimates originally made for AMLOP (preattack) are cut in half.

u In Host and Neither areas, the estimates are increased because 20 percent of the
population is judged to be served by telephone communications -- a capability
that was considered inappropriate for passing the urgent AMLOP message. Then,
in relationship 5, SPE = SPE° + ASPE, and
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Risk Host N[A

In-Place Relocated In-Place Relocated
SPE_ 0.02 0.02 0.20 0.20 0.20
ASPE 0.35 0.12 0.70 0.70 0.70
SPE (Best) 0.37 0.14 0.90 0.90 0.90
(Low) 0.30 0.10 0.80 0.80 0.80
(High) 0.45 0.20 ©1.00 1.00 1.00

The ability of D&C to pass the fallout posture message (DX) is calculated
separately. Its importance is judged absolute. Then, in relationship 6,
SP' = SPE{l - ADX(1 - DX)}, and

In-Place Relocated In-Place Relocated
DX 0.99 0.99 0.99 0.99 0.99
ADX };22 1.00 1.00 1:22 };22 ‘
SP' (Best) 0.37 0.14 0.89 0.89 0.89 i
(Low) 0.29 0.10 0.76 0.76 0.76
(High) 0.45 0.20 1.00 1.00 1.00

Since any shelter can receive the message either by EBS or by system
communications, the total informed (SR') is the sum of SO' and SP' less their
product. The ability of organization personnel to understand the message (K3)
is judged to be very high (95, 97, 99 percent) while that of emergent leaders
is 70, 75, 80 percent. Then, in relationship 7, SO' = SO + SP' - SO' ¢ SP', and

Risk Host N/A

In-Place Relocated In-Place Relocated
SR' (Best) 0.93 0.87 0.99 0.99 0.99
(Low) 0.84 0.75 0.94 0.94 0.94

(High) 1.00 0.96 1.00 1.00 1.00
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{ In relationship 8, SO = K, * SR',
i ? K, 2.75 0.75 0.75 0.75 0.75
; SO (Best) 0.70 0.65 0.74 0.74 0.74
(Low) 0.59 0.53 0.66 0.66 0.66
| l (High) 0.80 0.77 0.80 0.80 0.80
In relationship 9, SP = K3 * SR',
'
K3 0.97 0.97 0.97 0.97 0.97
: SP (Best) 0.90 0.84 0.96 0.96 0.96
] (Low) 0.80 0.71 0.90 0.90 0.90
(High) 0.99 0.95 0.99 0.99 0.99
D&C - Public Information (DS)
In calculating DS it was judged that, because of the survivability
of the Program D Prime "backbone" EOC system and its flexibility, :
sufficient D&C staff (DSS) and facilities (DSF) would survive to initiate
! the fallout protective message everywhere. The survivability of the EBS stations
‘ and program links (IE and DSC) will also be high at the end of Program D Prime
but coverage will not be complete. Coverage before attack is estimated to be
90, 95, 100 percent. Although protected against EMP and loss of electric power,
it 1s judged that EBS stations are somewhat more vulnerable (K4 = 90, 95, 100
percent) than the program links to them (ky = 95, 98, 100 percent). Then, in
relationship 8, DSC = K3 * DSC', and
‘ Risk Host - N/A
'; In-Place Relocated In-Place Relocated
¢
; psc’ 0.95 0.90 0.95 0.95 0.95
' K, 0.98 0.98 0.98 0.98 0.98
é’ . DSC (Best) 0.98 0.88 0.93 0.93 0.93
' (Low) 0.86 0.76 0.86 0.86 0.86
'£ > (High) 1.00 0095 1-00 1.00 1-00
1
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And in relationship 6, IE = K, * IE', e

IE' 0.95 0.90 0.95 0.95 0.95 %

? K, 0.95 0.95 0.95 0.95 0.95 3
IE (Best) 0.90 0.86 0.90 0.90 0.90
(Low) 0.81 0.76 0.81 0.81 0.81
(High) 1.00 0.95 1.00 1.00 1.00

Because to pass the message it is necessary that the people be in 1

range of EBS and that the program link from the EOCs to the EBS stations be

operable, the net surviving capability, Cb’ is the lesser of DSC and IE; in
this case, cb = JTE. It was noted above that facilities would be adequate. E
Field data are unnecessary (ADZD = 0) in this case. E

The importance of the broadcast capability is absolute (ACb = 1.00).

; . Then, in relationship 11, DS' = DSS{1 - Acb(l - Cb)}, and,
Risk Host N/A
In-Place Relocated In-Place Relocated
DSS 1.00 1.00 1.00 1.00 1.00
Cb 0.90 0.86 0.90 0.90 0.90
ac, 1.00 1.00 1.00 1.00 1.00 {;
DS' (Best) 0.90 0.86 0.90 0.90 0.90 ‘g
(Low) 0.81 0.76 0.81 0.81 0.81 ¢
(High) 1.00 0.95 1.00 1.00 1.00 3
L
' .
Because of the continuing emphasis on fallout protection in planning and 4;,
training, it is estimated that 90, 95, 100 percent of the surviving population

would be covered by operational checklists that would call for passing the .
fallout protective message (PB) and that 50, 75, 90 percent of EOC staffs
would pass the message over EBS even if it were not in the plan (1 - APB). g
Then, in relationship 12, DS = DS'{1 - APB(1 -~ PB)}, and

PR
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In-Place Relocated In-Place Relocated %

DS’ 0.90 0.86 0.90 0.90 0.90 ;

PB 0.95 0.95 0.95 0.95 0.95 !

APB 0.25 0.25 0.25 0.25 0.25 }

DS (Best) 0.89 0.85 0.89 0.89 0.89 ;

(Low) 0.77 0.72 0.77 0.77 0.77 %

(High) 1.00 0.95 1.00 1.00 1.00 i

H

D&C - Inform System (DX)

In the calculation of DX, as in the calculation of DS, D&C staff and
facilities are considered ample (DXS and DXF = 1). Since the fraction of the
population covered by communications is already accounted for in SPE, ADXC is
made zero to recognize that two-way communications exist. ADXD is zero because
data acquisition is not essential to the FPF message. Hence, DX' is unity, as
it was for AMLOP; that is, the message could be passed over the surviving system
communications. The adequacy of plans for use of system links (PB) is considered
the equal of the plans for use of EBS (in DS); that is, 90, 95, 100 percent.

APB is also the same as in DS. Then, in relatiomship 10, DX = DX'{1l - APB(1 - PB)},

I P T /YT (A YRR IR WO I AT 7 N TS VMO TN e s e ¢

and

Risk Host N/A

In-Place Relocated In-Place Relocated
f ! DX’ 1.00 1.00 1.00 1.00 1.00
| § PB 0.95 0.95 0.95 0.95 0.95
f APB 0.25 0.25 0.25 0.25 0.25
DX (Best) 0.99 0.99 0.99 0.99 0.99
(Low) 0.95 0.95 0.95 0.95 0.95

¢’
j ; (High) 1.00 1.00 1.00 - 1.00 1.00
'

b~ hd - . - B P o e 5 9




F-14

Shelter RADEF ~ Organized (US)

The calculation of the organized shelter monitoring capability (US)
is based on the premise that the monitoring needed to find the safest place
in the shelter can be performed by either the shelter monitor, the shelter
manager, or the police monitor assigned to the shelter, provided a working
rate meter is available. The potential fraction of the population having
shelter monitors (UB') and shelter managers (WP') were discussed earlier in
FPF - Public Shelters.

The estimate of the potential fraction of the population in shelters
with an instrument kit (UA') is considered very high in Host and Neither areas
(90, 95, 100 percent) since all of the Program D Prime procurement is slated
for these areas. The fraction covered now is based on recent program status
reports that indicate that about 55 percent of public shelter spaces are
equipped with RADEF instruments. This is used as the best estimate. Many of
these instruments are now warehoused. The low estimate assumes a poor surge
performance and the high estimate a very good surge performance, accounting for
nearly all the shelter kits that have been deployed. The reliability of the
instruments is taken to be 75, 85, 95 percent. The estimate of UA, the
fraction of the population with reliable shelter instruments, is found by
combining relationships 7 and 8 so that UA = Kl(UAo + AUA), and

In-Place Relocated In-Place Relocated
(8) Kl 0.85 0.85 0.85 0.85 0.85
N UAb 0.55 0.55 0.55 0.55 0.55
AUA - - 0.40 0.40 0.40
UA (Best) 0.47 0.47 0.81 0.81 0.81
(Low) 0.30 0.30 0.68 0.68 0.68
(High) 0.66 0.66 0.95 0.95 0.95
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In each locality, it is assumed that an instrumented shelter would

have a shelter monitor if enough were available; hence, the instrument

coverage (UA) determines the actual coverage of shelter monitors (UB =
Min UB' : UA in relationship §).

On the other hand, managers are assumed to be assigned independently
of instruments; hence, the number of managers with instruments is
WP = WP' + UA in relationship 10. Then,

Risk Host N/A
In-Place Relocated In-Place Relocated
(9) UB (Best) 0.47 0.02 0.81 0.81 0.81
(Low) 0.30 0.02 0.68 0.68 0.68
(High) 0.66 0.05 0.95 0.95 0.95

(10) wp' 0.58 0.05 0.50 0.58 0.45
UA 0.47 0.47 0.81 0.81 0.81

WP (Best) 0.27 0.02 0.40 0.47 0.36
(Low) 0.15 0.05 0.29 0.34 0.22
(High) 0.59 0.08 0.76 0.86 0.76

In the case of police monitors, UD' is taken from the FPF
calculation where it was first estimated. It was assumed that each such
monitor would have his self-help instruments, with reliability of 75, 85, 95
percent. However, police monitors with a malfunctioning instrument could use
a shelter kit if it were in shelter; hence, the instruments available (UI) is
greater than the number of police monitors (UD’). Then, in relationship 12,
UI' = Min(Kl - UC') : UD', and
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Risk Host N/A
In-Place Relocated In-Place Relocated
UD' = UC' 0.20 0.01 0.10 0.20 0.10
Kl 0.85 0.85 0.85 0.85 0.85
UI' (Best) 0.17 0.01 0.08 0.17 0.08
(Low) 0.10 - 0.05 0.10 0.05
(High) 0.26 0.02 0.13 0.26 0.13
And, in relationship 13, Ul = UA + UI' - UA *» UI', and

UA 0.47 0.47 0.81 0.81 0.81
Ul (Best) 0.56 0.48 0.83 0.84 0.84
(Low) 0.37 0.30 0.70 0.71 0.70
(High) 0.75 0.67 0.96 0.96 0.96

With respect to having the ability to find the safest place in shelter,
the shelter monitor was considered best (KA = 95, 97, 99 percent), the police
monitor next (K6 = 80, 85, 90 percent), and the manager least able (50, 60, 70
percent). The total shelter monitoring capability (US) is the sum of the
three capabilities less the double products plus the triple product. The
relative capabilities are found in relationship 14 (Cb = K6 * UB), relationship
15 (Cp - K5 * WP), and relationship 16 (Cd = K6 * Min UI « UD'). Then,
because these capabilities are redundant, the net overall capability is found

by combining them as in relationship 17:
(Us = Cb + Cp + Cd - cbcp - oo 4 cbcpcd), and,

Risk Host §a
In~-Place Relocated In-Place Relocated

Cb 0.46 0.02 0.79 0.79 0.79
Cp 0.16 0.01 0.24 0.28 0.22
d 0.14 0.01 0.08 0.14 0.08
US (Best) 0.61 0.04 0.85 0.87 0.85
(Low) 0.41 0.02 0.72 0.74 0.71
(High) 0.84 0.12 0.98 0.98 0.98
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Shelter RADEF - Emergent (OU)

In the estimating of the monitoring capability of emergent monitors,
the preparation of the public (Id = OH') to find the shelter instruments
and follow the instructions packed with the instruments is estimated to be
somewhat less effective (50, 55, 70 percent) than the preparation for the

protective posture because the use of the instruments is somewhat more
technical in nature. The availability of instruments (UA) is drawm from '
the US calculation where it was first estimated. The fraction of the

public receiving instructions from D&C (SO) was calculated separately.

The importance of receiving instructions on use of instruments (ASO) is

not rated high except in the case of stayputs, because the shelter instrument
kit instructions should be sufficient in 50, 65, 75 percent of the shelters.
Then, in relationship 2, OU = K « 0oU'{1l - ASO(1 - SO)}, and

] Risk Host N4
In~Place Relocated In-Place Relocated
1, = ov' 0.55 0.07 0.55 0.55 0.55
UA 0.55 0.55 0.95 0.95 0.95
S0 0.78 0.65 0.74 0.74 0.74
450 0.35 0.85 0.35 0.35 0.35
OU (Best) 0.23 0.02 0.40 0.40 0.40
(Low) 0.10 0.01 0.22 0.22 0.22
(H1gh) 0.44 0.05 0.63 0.63 0.63 i

F.2 ESTIMATES FOR CURRENT CAPABILITY MAINTAINED

The following changes were made in the inputs compared to those used

for the estimates for Program D Prime described above.




Fraction in Improved Fallout Posture (FPF) - Public Shelters

Availability of managers (WP') was the same as for AMLOP (Current
Capability). The high estimate of availability of monitors (UB') was taken
from IMIS 1970. The availability of police monitors (UD') was taken one-
half of that for D Prime. The availability of emergent leaders (OM') and
their relative effectiveness (KA) was taken one-half of that for D Prime.

Fraction in Improved Fallout Posture (FPF) - Home Basements

The fraction of capable homeowners (OM') and their relative effectiveness

were taken the same as for emergent leaders in public shelters.

Shelter Communications (80, SP)

The fraction of shelters with surviving communications links to D&C

(SOE) was taken to be the starting fraction (SOEO) for D Prime. As was done

for AMLOP, the relative ability of emergent leader (Kz) and Manager (K3) to

understand D&C instructions were taken one-half of those for D Prime.

D&C -~ Public Information (DS)

The best estimate of D&C staff (DSS') was taken from IMIS-1970, EOC
Operations Group. The low estimate of D&C facilities was taken from IMIS-1970,
EOCs Meeting Criteria; the high estimate from IMIS-1970, EOCs Meeting Criteria
plus Other EOCs. The best estimate of EOC communication link to EBS was taken
from IMIS-1970. The relative survival of EBS stations was taken one-half of
that for D Prime. The adequacy of operations plans for improved fallout posture
public information (PB) was taken one-third of that for D Prime.

D&C - Inform System (DX)

The adequacy of operations plans for improved fallout posture system

information (PB) was taken one-half of that for D prime.
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Shelter RADEF - Organized (US)

The availability of monitors (UB'), managers (WP'), and police monitors
(UD') was taken the same as for FPF. The best estimate for availability of
shelter RADEF instruments (UA') was taken from IMIS-1970 (50 percent); the
low and higher estimates (40 and 70 percent) are the same as used for D Prime.

Shelter RADEF - Emergent (0U)

The availability of emergent monitors (0OU') was taken one-half of that
for D Prime.

F.3 COMPARISON OF RESULTS

As a result of these changes in inputs, the following values for the
estimates of FPF for Current Capability Maintained were obtained compared

to those obtained for Program D Prime.

Risk Host N/A
In-Place Relocated In-Place Relocated
FPF (Public Shelters)

(Best) 0.75 0.05 0.80 0.84 0.79

D Prime (Low) 0.46 0.01 0.56 0.61 0.53
(High) 0.97 0.15 0.98 0.99 0.98

Current (Best) 0.21 : 0.19 0.19
Capability (Low) 0.08 0.07 0.07
Maintained (High) 0.39 0.36 0.36

_ FPF (Home Basements)
(Best) 0.23 0.02 0.23 0.23 0.23

D Prime (Low) 0.09 0.01 0.09 0.09 0.09
(High) 0.47 0.06 0.54 0.54 0.54
Current (Best) 0.02 0.02 0.02

Capability (Low) - - -
Matintained (High) 0.04 0.05 0.05
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Appendix G
RATIONALE FOR ESTIMATES OF FRACTION ACHIEVING

SUCCESSFUL REMEDIAL MOVEMENT AFTER LEAVING SHELTER

This Appendix presents the rationale for the input values used in
the Program Analysis Model (PAM) to produce estimates of F(X)R for two
programs: D Prime and Current Capability Maintained. In addition, it

demonstrates the calculation in PAM of the estimates of F(X)R for Program
D Prime.

The structure of this Appendix follows that of the definitive
description of PAM in Appendix B, Section B.7, of W.E. Strope and J.F.

Devaney, Effectiveness of Civil Defense Systems, Center for Planning and

Research, Inc. (June, 1979). The relationships referred to herein are

those defined in that report.
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G.1 INTRODUCTION

Two considerations are basic to estimating F(X)R. In general, the longer
the period from attack to leaving shelter, the greater the likelihood that
successful remedial movement can be achieved. First, with the passage of time,
the surviving CD system should become better organized and more effective in two
essential operations: (1) supplying information about current conditions to D&C
as a basis for planning remedial movements and for informing the public and other
elements of the CD organization and (2) providing transportation for the people
moving in an organized movement. Second, with more and better information about
current conditions and with more time to plan, the importance of having operations
plans drawn before the attack would lessen. Therefore, estimates are made for
remedial movements in the situations that would prevail in four periods after

the attack:

a. Immediate (FER, FRR): within the first day. This is appropriate

for those forced out by fire and those released by immediate rescue.

b. Early (FWR, FRR): from 1.5 to 3 days after the attack. This is

appropriate for those forced out by lack of water and those released

by reentrant rescue.

c. Delayed (FVR): from 3.5 to 6 days after the attack. This is
appropriate for those forced out by inadequate ventilation.

d. Emergence (FER): from 1 to 2 weeks after the attack for those
leaving shelter at the end of the expected stay.

In addition, estimates are made for damaged areas (those receiving greater
than 2 psi) and for undamaged areas (those receiving less than 2 psi). 1In the
tables, estimates for damaged areas are found in the columns headed "Risk", and
those for undamaged areas in the columns headed "Host" and "N/A". The estimates
in the "Risk-Relocated” columns are for damaged areas from which people have A
relocated. The estimates in the "Risk-In-place" columns are for all other

damaged areas.




G.2 ESTIMATES FOR PROGRAM D PRIME

Estimates of Fraction in Successful Remedial Movement

Estimates for Immediate Period (FFR, FRR)

Remedial movement because of fire and immediate rescue would occur

only in damaged (Risk) areas. The movement could be led by an emergent
leader, by organization personnel using only the resources available in

or near the shelters, or by a task force organized by direction of D&C.

The effectiveness of public information in preparing the public for
remedial movement (Id = 0J') is judged to be very high -~ except among the
stay-puts in the Relocated Risk areas -- so that some 80, 85, 90 percent of
the emergent leaders (5, 7, 10 percent in relocated areas) would attempt
remedial movement (0J') given support in the form of monitoring capability
(OU) and instructions from D&C (SO). The importance of monitoring (AOU) on
the success of the movement is judged to be lpw; 75, 80, 90 percent (1 - AOU)
would succeed without it. On the other hand, information from D&C (SO),
especially about preferred destinations, is judged very important; only 10,
20, 30 percent (1 - ASO) would succeed without it (1 to 5 percent in the
relocated areas). The relative effectiveness of emergent leaders (Kl) is
judged lowest of the three alternatives (25, 30, 35 percent). Then, combining

relationships 1 and 2, E = K; ° 0J"{1 - A0U(1 - ou)}{1 - ASO(1 - SO)}, and

1
Risk
In-Place Relocated
low  Best  High Low Best High
Kl 0.35 0.30 0.35 0.25 0.30 0.35
oJ' 0.80 0.85 0.90 0.05 0.07 0.10
ou 0.06 0.18 0.38 0.01 0.02 0.05
Aou 0.25 0.20 0.10 0.25 0.20 0.10
SO 0.04 0.14 0.28 0.03 0.10 0.22
ASO 0.90 0.80 0.70 0.98 0.97 0.95
Eo 0.02 0.07 0.15 - - 0.01
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The relative effectiveness of system personnel in a shelter-based

movement is judged to be 30, 35, 40 percent and that of an organized
movement 90, 93, 95 percent. When these factors are applied to the
respective capabilities WG and WJ from subordinate calculations in
relationships 4 (E8 = K2 * WG) and S (Ej = K3 * WJ), and the resultant
estimates of effectiveness are combined as in relatiomship 6

(Es = Eg +E, - E8 . Ej), the overall effectiveness of the civil defense

organizationjin achieving successful remedial movement is found to be:
Risk
In-Place Relocated

Low  Best High  Low  Best  High
WG -~ 0.01 0.03 - - -
K, 0.90 0.93 0.95 0.90 0.93 0.95
wJ 0.08 0.25 0.53 - 0.01 0.05
K3 0.30 0.35 0.40 0.30 0.35 0.40
Eg 0.02 0.10 0.23 - - 0.03

Movements led by emergent leaders and by system personnel are also
redundant. Then, the potential overall effectiveness if found in relationship
7 (Erm = Eo + Es - EoEs)’ and

Risk
In-Place Relocated
low  Best High  low  Best High
E 0.04 0.16 0.35 - - 0.04

rm
The maximum fraction who could be relocated in good weather (FFR') is
judged to be from 70, 80, 90 percent. Two-thirds of the population might be
subject to adverse weather (FPw) which is judged to have a probability of
occurrence (Pw) from 2, 4, 6 percent (as in estimating FCR). Then, combining
relationships 8, 9, and 10, FFR, FRR = Erm « FFR'(1 - FPw . Pw)’ and the
estimated fraction of those in public shelters who could achieve successful

remedial movement in the immediate period is:
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i Risk
In-Place Relocated
Public
Shelters Low Best High Low Best High
FFR' 0.70 0.80 0.90 0.70 0.80 0.90
FP 0.67 0.67 0.67 0.67 0.67 .0.67
L 0.02 0.04 0.06 0.02 0.04 0.06 j
FFR, FRR 0.03 0.13 0.30 - - 0.04

In estimating values of FFR, FRR for those in home basements, the
proportion of those prepared for remedial movement (Id = 0J') is taken to be
the same as for those of the public who were in public shelters. The
importance of monitoring (AOU) and instruction from D&C (ASO) is also
: judged to be the same. However, those in home basements would not have any
monitoring capability (OU = Q). In addition, the effectiveness of an
organized movement (WG) for those in home basements is judged to be half that ;
for public shelters. When these changes are introduced, the estimated values

of FFR, FRR for home basements are:

Risk
In-Place - Relocated
Home
Basements lov  Best High  Low  Best  High
FFR, FRR 0.01 0.05 0.12 - - 0.01

Estimates for Early Period (FWR, FRR)

In this period, remedial movement after rescue would occur only in
= damaged (Risk) areas but movement after being forced out by lack of water
could occur in all areas. Therefore, estimates of FWR are required for all

¢
l areas.
'
{
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The only changes in the inputs for calculating the effectiveness of
emergent leaders (Eo) from those for the immediate period are in monitoring
(OU) and D&C information (SO) both of which are calculated separately. The
relative effectiveness of the organized movement (KZ) was judged to be higher
in Host and N/A areas (95, 97, 99 percent) than that of the shelter-based
movement (K3); (60, 70, 80 percent) in those areas because of the absence of
damage. When these changes are introduced, together with new values of WG and
WJ calculated separately, the values of FWR, FRR for public shelters and home

basements in the early period are:

In-Place Relocated In-Place Relocated
Public  (Best) 0.21 0.02 0.65 0.64 0.64
Shelters ;.. 0.08 - 0.42 0.44 0.42
(High) 0.40 0.04 0.84 0.83 0.83
Home (Best) 0.11 0.01 0.22 0.22 0.22
Basements (1., 0.04 - 0.10 0.11 0.10
(High) 0.21 0.02 0.35 0.34 0.34

Estimates for Delayed Period (FVR)

Inadequate ventilation would force people to leave only public shelters.
In the calculation of FVR, it is found that the input values of 0U, SO, WG,
and WJ, all calculated separately, are changed, chiefly because of the
improvement in information capabilities with time after the attack. As a
result of these changes, the estimated values of FVR for public shelters in
the delayed period are:

Risk Host N/A
In-Place Relocated In-Place Relocated

(Best) 0.22 0.02 0.78 0.87 0.74
(Low) 0.10 0.01 0.56 0.61 0.50
(High) 0.41 0.05 0.91 0.93 0.91

Public
Shelters
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Estimates for Emergence Period (FER)

All survivors would leave the shelters at the end of their planned

: stay. Therefore, emergence estimates are required for public shelters and
home basements in all areas. For all except the Risk In-Place areas the
estimated values for FER are identical to those for FVR. Again, the input
changes for the Risk In-Place areas are, directly or indirectly, attributable
chiefly to improved information capabilities. Similar changes from the FWR
inputs are found with respect to home basements. As a result of these changes,

the estimated values of FER in the emergence period are:

In-Place Relocated In-Place Relocated
Public  (Best) 0.22 0.02 0.78 0.82 0.74
i Shelters ;. 0.10 " 0.01 0.56 0.61 0.50
' (High) 0.43 0.05 0.91 0.93 0.91
Home (Best) 0.13 0.01 0.37 0.50 0.36
Basements (1 ) 0.05 - 0.20 0.27 0.14
(High) 0.22 0.04 0.60 0.69 0.59

Shelter RADEF - Emergent (0U)

All of the inputs used in calculating OU are the same as used in
calculating OU for use in estimating FPF except for SO which is calculated
separately. In the Risk In-Place area the values of OU in the immediate

period are 6, 18, 38 percent. 1In other areas for all periods, the values are:

Risk
In-Place Relocated Other Areas
(Best) 0.22 0.02 0.39
ou (Low) 0.08 0.01 0.21
(High) : 0.43 0.05 0.62
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Shelter Communications (SO, SP)

All of the inputs used in calculating SO and SP are the same as used
in calculating the estimates of FPF except for DS and DX, which are calculated
separately, and Kz, which is judged to be 20, 30, 40 percent in the immediate
period but 60, 68, 75 percent thereafter because the emergent leader would
have gained experience. K3 is judged to be 85, 90, 95 percent in all periods.
When these changes are introduced, the values of SO and SP are as shown in
Table G.1.

D&C - Public Information (DS)

Estimates for Immediate Period (DS)

In the calculation of the estimated capability of D&C to inform the
public via EBS (DS) survival of D&C staff (Kl) and facilities (Kz) is judged
to be at least equal to that of the people in shelters and therefore DSS =
DSF = 1.0. The availability of communications from D&C to the EBS stations

(DSC') 1is judged to be less than complete (80, 90, 95 percent in the Relocated
areas and 90, 95, 100 percent in other areas) and the survival of these links
(KS) somewhat less than that of the people (95, 98, 100 percent in all areas).

Then, in relationship 8, DSC = K5 e DSC', and
Risk
In-Place v Relocated
Low Best High Low Best High
Dsc’ 0.90 0.95 1.00 0.80 0.90 0.95
KS 0.95 0.98 1.00 0.95 0.98 1.00
psc 0.86 0.93 1.00 0.76 0.88 0.95

Similarly, coverage of the EBS stations (IE') is judged less than
complete (85, 90, 95 percent in the Relocated areas and 90, 95, 100 percent
elsewhere) and survival of the EBS statiomns (K3) somewhat less than that of
the people (90, 95, 100 percent). Then, in relationship 6, IE = K3 « IE'

and in relationship 9, Cb = Min DSC : IE, so that,

- R e N . RIS I
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Table G.1

SHELTER COMMUNICATIONS (SO, SP)

N/A
Period In-Place Relocated In-Place Relocated
so Best 0.14 0.10
Immediate Low 0.04 0.03
High 0.28 0.22
Best 0.57 0.67 0.67 0.67 0.67
Early Low 0.40 0.40 0.58 0.58 0.58
» High 0.71 0.75 0.75 0.75 0.75
Best 0.80 0.02 0.67 0.67 0.67
Delayed Low 0.65 0.01 0.57 0.57 0.56
High 0.92 0.05 0.75 0.75 0.75
. Best 0.62 0.56 0.67 0.67 0.67
Emergence Low 0.48 0.41 0.57 0.57 0.56
High 0.73 0.69 0.75 0.75 0.75
sP Best 0.40 0.30
Immediate Low 0.17 0.11
: High 0.67 0.53
Best 0.75 0.79 0.89 0.89 0.89 §
Early Low 0.56 0.57 0.82 0.82 0.82
High 0.90 0.91 0.95 0.95 0.95 4
Best 0.80 0.75 0.89 0.89 0.88
Delayed Low 0.65 0.58 0.81 0.81 0.79
High 0.92 0.87 0.95 0.95 0.95
Best 0.82 0.75 0.89 0.89 0.88
Low 0.68 0.58 0.81 0.81 0.79 f
High 0.92 0.87 0.95 0.95 0.95
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, Risk

i ' ’ In-Place Relocated
Low Best High Low Best High
IE' 0.90 0.95 1.00 0.85 0.90 0.95
Ky 0.90 0.95 1.00 0.90 0.95 1.00
(6) IE 0.81 0.90 1.00 0.76 0.86 0.95
(9 C, 0.81 0.90 1.00 0.76 0.86 0.95

However, in the remedial movement case, the ability of D&C to give
instructions (DS) can also be limited by the availability of data about
the situation, the condition of the civil defense system, and so on (DZD =
17, 39, 66 percent in the In-Place areas and 18, 31, 53 percent in the
others from a subordinate calculation). The importance of having data is
absolute (ADZD = 1). As noted above, facilities are judged to be fully

adequate and, therefore, ADSF is not material to the calculation. Then,

I T R ISR AT T T ) R T R A YT T .

in relationship 11, DS' = DSS + Min{l - ac (1 - Cb)}:{l - ADzD(1 - DzD)}, and i
Risk
In-Place Relocated g
Low Best High Low Best High g
DSS 1.00  1.00  1.00 1.00  1.00  1.00 :
C, 0.81 0.90 1.00 0.76 0.86 0.95 :
ac, 1.00 1.00 1.00 1.00 1.00 1.00 ;
DZD 0.17 0.39 0.66 0.13 0.31 0.53
ADZD 1.00 1.00 1.00 1.00 1.00 1.00
DS’ 0.17 0.39 0.66 0.13 0.31 0.53

The effectiveness of D&C in the public information operation can
be limited by its treatment in operation plans (PB). It was judged that this
treatment would be nearly adequate at completion of D Prime (PB = 95, 98, 100
percent). And it was judged that D&Cs would inform the public without

- - e
[

plans in 10, 20, 30 percent of the cases (APB = 90, 80, 70 percent). Then, in
e relationship 12, DS = DS'{1 - APB(1 -PB )}, and
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Risk
In-Place Relocated
Low Best High Low Best High
Ds! 0.17 0.39 0.66 0.13 0.31 0.53
PB 0.95 0.98 1.00 0.95 0.98 1.00
APB 0.90 0.80 0.70 0.90 . 0.80 0.70
DS 0.16 0.38 0.66 0.12 0.30 0.53

Estimates for Early Period (DS)

In the calculation of DS for the early period, DZD (calculated separately)
is substantially higher than for the immediate period in the Risk areas and
almost fully adequate in Host and N/A areas. In addition, it is judged that
D&C would issue the information needed for remedial movement without operations
plans 85, 90, 95 percent of the time in Host and N/A areas and 70, 75, 80
percent of the time in Risk areas as compared to 10, 20, 30 percent in the
immediate case. When these changes are introduced, the values of DS for the

early period are:

In-Place Relocated In-Place Relocated N/A
(Best) 0.78 0.86 0.90 0.90 0.90
(Low) . 0.59 0.65 0.80 0.80 0.80
(High) 0.91 0.95 1.00 1.00 1.00

Estimates for the Delayed Period (DS)

Three changes in inputs affect the estimates of DS for the delayed
period. The relative survival of EBS stations (K3) would decrease (to 85, 90,
95 percent in Risk and Host areas and to 75, 80, 85 percent in N/A areas)
because of exhaustion of fuel supplies and inability to resupply and repair
breakdowns. Availability of data (DZD) in the Risk ~ In-Place areas would

increase (to 71, 85, 93 percent as calculated separately) because the natural

“am
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alleviation of attack effects, especially fallout, would permit more
freedom of outdoor movement. And the importance of having operations plans
would decrease in the Risk areas to the same level as in the other areas

eI g R IEEDS W;QM

(APB = 15, 10, 5 percent). When these changes are introduced, the values of
DS for the delayed period are:

A .

: Risk Host - NA

*“ In-Place Relocated In-Place Relocated

(Best) 0.85 0.81 0.86 0.86 0.76

i (Low) 0.70 0.66 0.75 0.75 0.68
(High) 0.93 0.90 0.95 0.95 0.85

Estimates for the Emergence Period (DS)

The only change in input to the DS calculation for the emergence period
is in DZD which (calculated separately) increases in the Risk In-Place areas

to 74, 89, 96 percent. With this change, the values for DS in the emergence
period are:

In-Place Relocated In;Place Relocated
(Best) 0.86 0.81 0.86 0.86 0.76
(Low) 0.74 0.66 0.75 0.75 0.68
(High) 0.95 0.90 0.95 0.95 0.85

D&C ~ Inform System (DX)

In the calculation of DX for the immediate period, survival of

; facilities and staff are taken, as in calculating DS, at least equal to
; that of the people (DZS = DZF = 1). But system communications were judged
.i quite sensitive to attack effects in Risk areas (DZC = 25, 30, 35 percent)
but less so in Host and N/A areas (DZC = 80, 90, 100 percent). DZD 1is the
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same as for the DS calculation and ADZD = 1.00. On the other hand, the
importance of operations plans in the Risk area for the system information
operation was judged to be less than for public information (APB = 15, 10, S
percent). Then, combining relationships 9 and 10,

DZ = DZS + Min{1l - Apzc(1l - pzc)}:{1 - ADZD(1 - DzZD)} {1 - APB(1 - PB)} and

Risk
In-Place Relocated

Low  Best  High Low  Best  High
DZS 1.00 1.00 1.00 1.00 1.00 1.00
DZC 0.25 0.30 0.35 0.25 0.30 0.35
ADZC 1.00 1.00 1.00 1.00 1.00 1.00
DZD 0.17 0.39 0.66 0.13 0.31 0.53
ADZD 1.00 1.00 1.00 1.00 1.00 1.00
PB 0.95 0.98 1.00 0.95 0.98 1.00
APB 0.15 0.10 0.05 0.15 0.10 0.05
DX 0.17 0.30 0.35 0.13 0.30 0.35

The foregoing estimates of DX apply to the D&C system informing function
generally (pz) and, in the remedial movement case, specifically to the calculatiom
of organized movement capability (WG). However, for the calculation of the
shelter-based movement capability of organization personnel, the communications
are those between EOCs and the shelters and DZC = SPE (from the FPF calculation ).
In the calculation of the shelter communications potential capability (SP'),
the EOC-to-shelter communications are accounted for in the SPE, ASPE factors
and need not be introduced to the DX calculation.

The only change in inputs to the DX calculation. for periods after the
immediate is in the values of DZD which are calculated separately. When
these modifications are introduced the values of DX to be used as inputs to
the WG, WJ, and SP' calculations are as shown in Table G.2.




?
! Table G.2
] ‘ D&C - INFORM SYSTEM (DZ)
]
é Risk Host N/A
% Period In-Place Relocated In-Place Relocated
*; DZ(WG) Best 0.30 0.30
t‘ Immediate Low 0.17 0.13
% High 0.35 0.35
. Best 0.35 0.30
- : Others  Low 0.25 0.25
r { High 0.35 0.35
: DZ(WJ) Best 0.30 0.14
Immediate Low 0.17 0.10
. High 0.35 0.20
3
; Best 0.37 0.14 0.90 0.90 0.90
Others  Low 0.30 0.10 0.79 0.79 0.79
.. High 0.45 0.20 1.00 1.00 1.00
) DZ(SP') Best 0.30 0.30
Immediate Low 0.17 0.13
{ High 0.35 0.45
H
", Best 0.78 0.87 1.00 1.00 1.00
{ Early Low 0.60 0.66 0.97 0.97 0.97
‘ High 0.91 0.95 1.00 1.00 1.00
{ Best 0.84 0.87 1.00 1.00 1.00
{ Delayed Low 0.69 0.66 0.97 0.97 0.97
{ High 0.95 0.95 1.00 1.00 1.00
.j Best 0.89 0.87 1.00 1.00 1.00
Emergence Low 0.73 0.66 0.97 0.97 0.97
High 0.96 0.95 1.00 1.00 1.00
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D&C ~ Acquire Data (DZD)

Estimates for the Immediate Period (DZD)

The estimate of the capability of the CD system to supply systems
information to D&C (DZD) is based on the concept that information could be
available to D&C from the emergency services and the shelters as well as
from the weapons effects reporting stations (WERs) although these sources
may differ in survival of their staffs, survival and importance of their

communications, and their relative effectivenesses in acquiring and reporting

E ~ ! field data.

® Fire Service. The effective, functioning fire service staff (FIS)
is judged to survive 50, 60, 70 percent as well as the people in
the damaged areas. Survival of fire service communications (FIC)
is judged to be 25, 30, 35 percent in the damaged areas because of
EMP effects. The fire service has some mobility 3o it is judged
that it could report data without communications 30, 40, 50 percent :
of the time (AFIC = 70, 60, 50 percent). The relative effectiveness \;i
of the fire service in reporting data to D&C (Kl) is judged to be
10, 20, 30 percent at this early time after the attack. Then,

combining relationships 1 and 2, Eé =- Kl » F1s{1 - AFIC(1 - FIC)}, &

and ¢

)

Risk d

In-Place ‘ Relocated 1

Low Best High Low Best High (4
FIS 0.50 0.60 0.70 0.50 0.60 0.70
' FIC 0.25 0.30 0.35 0.25 0.30 0.35
j, . AFIC 0.70 0.60 0.50 0.70 0.60 0.50

; K, 0.10 0.20 0.30 0.10 0.20 0.30
/} . E% 0.02 0.07 0.14 0.02 0.07 0.14

o
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Medical Service. Survival of the effective medical staff (MIS)
is judged to be the same as the fire service except in the

Relocated areas where it is estimated to be only 10, 15, 20 percent
that of the people. Medical service communications (MIC) are
estimated to survive only 5, 10, 15 percent as well as the people
in damaged areas. Because the medical service has little mobility,
the importance of communications for reporting field data is taken
to be absolute (AMIC = 1.0). The relative effectiveness of the
medical service as a source of field data is judged to be low
(K2 = 2, 6, 10 percent). Then, combining relationships 3 and 4

'

as for Ef above, the values of E; are 0, 1, 2 percent for Risk
In-Place areas and 0, 0, 1 percent for Risk Relocated areas.

Police Service. The effective police service would also survive

at the same rate as the fire service: LLS = 50, 60, 70 percent as
well as the people. Police communications (LLS) would also survive
25, 30, 35 percent as well as the people in damaged areas. However,
because the police service is highly mobile, its communications are
less important to its capability to report data and it is judged that
the police could inform D&C from 60 to 70 percent of the time without
communications (ALLC = 40, 35, 30 percent). The police service 1is
judged to be no more effective than the fire service in acquiring

and reporting field data this soon after the attack: (K3 = 10, 20,
30 percent). Then, combining relationships 5 and 6, the potential
capability of the police service in acquiring and reporting data in
damaged areas Ei = 4, 9, 17 percent,

~ Shelters (Warden Service). The civil defense organization personnel

in the shelters would survive at the same rate as the people but
their ability to function would be degraded by injury. Therefore,
the surviving, effective staff (WZS) in the shelters is taken to be

&
i
3

P




the probabilistic combination of the estimated number of shelter managers
(WP'), shelter monitors (UB'), and police monitors (UD') in the shelters
with survival ratios of 50 percent for the low estimate, 60 percent for
the best, and 70 percent for the high. Communications from the shelters
to D&C (WZC) is the same as SPE in the SO, SP calculation. The shelter
staff would have no mobility so the importance of communications (AWZC)
is equal to 1.0. Because the principal item of field data for remedial
movement at shelter emergence would be the radiological situation, the
relative effectiveness of the shelter staffs is taken to be that of
their monitoring capability (US) calculated separately. Then, combining
relationships 7 and 8, the potential data acquisition capability of the
warden service, E; = 5, 13, 26 percent in the Risk In-Place areas and

zero in the Risk Relocated areas.

Resource Service. Survival of the effective resource service staff
(RRS) and its communications (RRC) are judged to be the same as for the
fire and police services. Because of its mobility the importance of
communications to its reporting ability (ARRC) is judged to be equal to
that of the police service. 1Its relative effectiveness (Ks) was taken
to be equal to that of the fire service. Then, ccebining relationships
9 and 10, the potential capability of the resource service in acquiring

data E; = 4, 9, 17 percent in damaged areas.

Weapons Effects Reporting Stations (WERS). Survival of the effective
WER staff (UFS) is judged to be somewhat better (75, 80, 85 percent)
than that of the services. Because the WERs rely primarily om service
communications, the survival of WER communications (UFC) is taken equal
to that of the services and the importance of WER communications (AUFC)

equal to that of the police and resource services. The relative
effectiveness of the WERs is taken equal to that of the police service
(10, 20, 30 percent). Then, combining relationships 11 and 12, the
potential capability of WERs, E& = 5, 12, 20 percent in damaged areas.
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| These individual potential capabilities are independent and
1 R redundant. Therefore, they are combined probabilistically as in relation-
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ship 13 to find E;. the combined potential capability. However, the
achievement of these levels of potential capability depends also on whether
and how well the operations plans treat the information gathering operation.
It is judged that this treatment (PB) would be from 90, 95, 100 percent of

'; fully adequate at the completion of program D Prime. It is also judged that

the effect of operations plans (APB) would be significant when an immediate :

r ' remedial movement would take place (in the first day after the attack): E
APB = 80, 75, 70 percent. Then, in relationship 4, :
DZD = E {1 - APB(1 - PB)}, and

Risk
’ In-Place Relocated
Low Best High Low Best High
E. 0.18 0.41 0.66 0.14 0.32 0.53
} PB 0.90 0.95 1.00 0.90 0.95 1.00
: APB 0.80 0.75 0.70 0.80 0.75 0.70
§ DZD 0.17 0.39 0.66 0.13 0.31 0.53

Estimates for Early, Delayed, and Emergence Periods (DZD)

In calculating estimates of DZD for the later periods, the availability
of effective organization personnel in Host and NA areas is substantially

! higher than in Risk areas because of the absence of damage. In addition, the
'} effectiveness of these personnel is higher because the later time after attack
‘ affords increased opportunity to organize the surviving forces and to obtain

; information. Their effectiveness is judged higher in the Risk Relocated areas
than in the In-Place Risk areas because the reporting personnel (fire, police, é

-

~atTe

¢
J ' resource) would operate from the undamaged areas. In addition, with the
o passing of time after the attack and the stabilizing of conditions, the
)
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effectiveness of the more mobile elements (police, resources, and WER) is
increased. At the same time, the need for operations plans (APB) decreases
because the D&C staff can prepare action plans to fit prevailing conditions.
The changing values for these inputs are shown in Table G.3 together with
the calculated values of DZD for all areas in the early, delayed, and

emergence periods.

Effectiveness of Remedial Movement - Organized (WG)

Estimates for Immediate Period (WG)

In the calculation of the capability of the CD system to conduct an
organized remedial movement, the availability of trained CD personnel to
conduct the movement (WGS') at the completion of Program D Prime, was taken
to be equal to WZS in the calculation of DZD. Because survival of these
1" 1.0. It is judged that there is no
importance in exercise of shelter staffs for a remedial movement upon leaving
shelter (API = Q). Therefore WGS = WGS'. Facilities for the shelter (warden)
staff are estimated to survive at least as well as the people (WGF = 1.0).

personnel was accounted for in WZS, K

EBS 1is judged inappropriate for D&C communications of system instructions,
s0 WGC is taken equal to SPE in the calculations of SO, SP. It is judged
that the effect of communications on the ability to conduct an organized
remedial movement was absolute (AWCC = 1.0). Then combining relationships 3
through 9, WG' = WGS'{1 - AWGC(1 - WGC)} and

Risk
In-Place Relocated
Low Best High Low Best High
wes' 0.43 0.57 0.70 0.02 0.05 0.11
WGC 0.30 0.37 0.45 0.10 0.14 0.20
AWGC 1.00 1.00 1.00 1.00 1.00 1.00
WwG' 0.13 0.21 0.32 - 0.01 0.02

The support for the organized remedial movement is treated as follows:
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, ' Table G.3
! ‘ D&C - ACQUIRE DATA (DZD)
3 ; Risk Relocated and
' Risk In-~Place Other Areas
PERIOD Low Best High Low Best High
Early Ky 0.50 0.60 0.70 0.60 0.70 0.80
, K, 0.10 0.15 0.20 0.10 0.15 0.20
Ky 0.65 0.70 0.75 0.85 0.90 0.95
K, 0.41 0.61 0.84 0.02 0.04 0.06
2N K 0.40 0.50 0.60 0.60 0.70 0.80
F
, Kg 0.65 0.70 0.75 0.85 0.90 0.95
APB 0.40 0.35 0.30 0.15 0.10 0.05
DZD 0.60 0.78 0.91 0.66 0.87 0.98
k ’ Delayed K, 0.50 0.60 0.70 0.60 0.70 0.80
K, 0.10 0.15 0.20 0.10 0.15 0.20
K, 0.80 0.85 0.90 0.85 0.90 0.95
K, 0.41 0.61 0.84 0.02 0.04 0.06
Ky 0.50 0.60 0.70 0.60 0.70 0.80
Kg 0.80 0.85 0.90 0.85 0.90 0.95
APB 0.25 0.20 0.15 0.15 0.10 0.05
DZD 0.71 0.85 0.93 0.66 0.87 0.98
. Emergence K, 0.50 0.60 0.70 0.60 0.70 0.80
K, 0.10 0.15 0.20 0.10 0.15 0.20
: Ky 0.85 0.90 0.95 0.85 0.90 0.95 t
' K, 0.41 0.60 0.84 0.02 0.04 0.06 :
s K 0.60 0.70 0.80 0.60 0.70 0.80 ;
f Kg 0.85 0.90 0.95 0.85 0.90 0.95 :
3 [
J APB 0.15 0.10 0.05 0.15 0.10 0.05
e DZD 0.74 0.89 0.96 0.66 0.87 0.98 ;
) b
/'k » ::
] ' H
"[‘.\ .
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Organization Exercises (PI, API). It is estimated that Program D'

would accomplish system exercises that would have an adequacy of
80, 85, 90 percent at program completion. Q(n the other hand, it
is judged that the importance of such exercises in this case would
be relatively low (20, 25, 30 percent).

Resource, Transportation (RE, ARE). It is estimated that because

of damage and the difficulty in organizing so soon after the attack,
the system would be unable to supply transport (RE = 0.0). The
importance of transport is judged to be almost absolute (95, 98, 100

percent).

Police, Control Movement (LH, ALH). The fraction of the population

with effective police for guiding this remedial movement is estimated
from UD' in the calculation of US for estimating FPF. The population
coverage for UD' represents the availability of half the police forces
except in the Relocated areas where they represent only those police
on patrol who take shelter with the public upon warning. In the
latter case, UD' equals LH since the population in the Relocated
areas would have no other police in shelter with them. For the
in-place mode the probable existence of auxiliary police in the
shelters must be added because their principal duty would be to
expedite movement to shelter. Current planning factors suggest

four auxiliaries for each regular officer. Therefore, 4 UD' is taken
as the high estimate of LH. The low estimate is half the goal 2 UD'
and the best estimate midway between, 3 UD'. The importance of in-
shelter police guidance is judged relatively low (25, 20, 15 percent)

because of damage.

Self-Help RADEF (UH, AUH). It is judged that self-help RADEF (UH)

would contribute no support to an organized movement at this time

after the attack. In that event, the adequacy of self-help RADEF
(AUH) is not material.

- B NP O VL . - - PR
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° Operations Plans (PB, APB). It is estimated that the adequacy

of operational planning for remedial movement (PB) would be quite

high at the completion of Program D Prime (85, 90, 95 percent).

It is judged that the importance of operations plans (APB) would

be fairly high (60, 50, 40 percent) because of the complexity of
coordinating the several services involved. Then, in relationship
10, the capability of the CD organization to conduct an organized
remedial movement is found to be negligible in the immediate period:

RISK

. In-Place Relocated

' Low Best  High low  Best  High
P1 0.80 0.85 0.90 0.80 0.85 0.90
API 0.30 0.25 - 0.20 0.30 0.25 0.20
RE - - - - - -
ARE 1.00 0.98 0.95 1.00 0.98 0.95
LH 0.28 0.60 1.00 - 0.01 0.02
ALH 0.25 0.20 0.15 0.25 0.20 0.15
DX 0.17 0.30 0.35 0.13 0.30 0.35
ADX 1.0 1.0 1.0 1.0 1.0 1.0
PB 0.85 0.90 0.95 0.85 0.90 0.95
APB 0.60 0.50 0.40 0.60 0.50 0.40
WG - - 0.01 - - -

Estimates for Early Period (WG)

1 The potential capability (WG') is the same for all periods. In the

' early period, the effect of organization exercises (API) in the in-place mode
was judged to be much greater for the early case (80, 75, 70 percent) than for
’ the immediate case (30, 25, 20 percent). And for the early case it was judged
j that there would be some capability of the system to supply transport

c (RE = 10, 15, 20 percent). Availability of police (LH) to guide the movement
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in the Host In-Place and N/A areas (14, 30, 56 percent), is judged to be

half that of the Risk In-Place areas, because larger places normally have

a higher ratio of police to people. Availability of police in Host Relocated
areas is judged to be proportionately low (5, 11, 21 percent) because the
police who would relocate from the risk areas would be unfamiliar with the
territory. The importance of operations plans (APB) on organized capability
is also judged high (85, 80, 75 percent) in the Risk In-Place mode. When
these changes are introduced, the capability for organized remedial movement

in the early period is found to be:

In-Place Relocated In-Place Relocated
(Best) 0.01 - 0.10 0.10 0.10
(Low) - - 0.03 0.04 0.03
(High) 0.03 - 0.21 0.20n 0.21

Estimates for Delayed and Emergence Periods (WG)

The importance of having had system exercises (API) is judged to be much less
in the Risk In-Place areas (30, 25, 20 percent) as compared to 80, 75, 70 percent
in the early period. The estimated ability of the system to provide transportation
for the people (RE) is substantially higher: 50, 60, 70 percent in the In-Place
and N/A areas, and even higher (85, 90, 95 percent) in the Relocated areas
because of the increased availability of surviving vehicles in the Host areas
and Eecause these vehicles could be made available for movements from the Risk
Relocated areas. The importance of having pre-emergency operations plans (APB)
is judged to be less (60, 50, 40 percent) in the Risk areas, the same as in the
other areas, because sufficient time would have passed after the attack to
permit the organization to plan the movement to fit the current conditions.

When these changes are introduced, the capability for organized remedial movement

in the delayed and emergence periods is:
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RISK HOST N/A
In-Place Relocated In-Place Relocated
(Best) 0.03 - 0.38 0.57 0.38
(High) 0.08 0.01 0.65 0.80 0.64

Effectiveness of Remedial Movement - Shelter Manager (WJ)

Estimates for the Immediate Period (WJ)

In the calculation of the estimated capability of trained shelter personnel
. to conduct a remedial movement (WJ), the availability of trained personnel to
conduct the movement (WJ') “i5 taken to be the same as for an organized movement
(WG'). The capability of police to guide the movement (LH) and its importance
(ALH) are taken to be the same as for an organized movement. The shelter
. monitoring capability (US) is taken the same as calculated for use in estimating
FPF and its importance (AUS) is judged fairly low (25, 20, 10 percemnt) because
of the likely content of instructions from D&C (preferred destinations). The
ability to receive D&C instructions (SP) is calculated separately. The
importance of D&C instructions (ASP) is judged very high in the relocated mode
(99, 97, 95 percent) and high (90, 80, 70 percent) in other areas. When these
estimates and judgements are applied, the net capability of organization
personnel in shelters to achieve successful remedial movement in the immediate
period is found in relationship 5,
WJ = w3'{1 - AUS(1 - us)}{1 - AsP(1 - SP)}{1 - ALH(1 - LH)}, and

RISK
In-Place Relocated

. Low Best High Low Best High

s wJ' 0.43 0.57 0.70 0.02 0.05 0.11

. LH 0.28 0.60 1.00 - 0.01 0.02
J ALH 0.25 0.20 0.15 0.25 0.20 0.15
o us 0.41 0.61 0.84 0.02  0.04 0.11
' Aus 0.25 0.20 0.10 0.25 0.20 0.10
m SP 0.17 0.40 0.67 0.11 0.40 0.53
' ' Asp 0.90 0.80 0.70 0.99 0.97 0.95

'T\\ Wi 0.08 0.25 0.53 - 0.01 0.05

- e——
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Estimates for Early. Delayed, and Emergence Periods (WJ)

Estimates for WJ in the later periods were made in the same manner as
for the immediate, taking input data from the same sources for comparable
periods. When these changes are introduced, the values of WJ for the early,

delayed, and emergence periods are:

Period In-Place Relocated In-Place Relocated
(Best) 0.39 0.03 0.75 0.75 0.75
Early (Low) 0.18 0.01 0.57 0.58 0.55
(High) 0.64 0.09 0.91 0.89 0.91
(Best) 0.40 0.03 0.75 0.75 0.75
Delayed (Low) 0.21 0.01 0.57 0.58 0.55
(High) 0.65 0.07 0.91 0.89 0.91
(Best) 0.41 0.03 0.75 0.75 0.75
Emergence (Low) 0.21 0.01 0.59 0.57 0.53
(High) 0.67 0.07 0.91 0.88 0.91

G.3 ESTIMATES FOR CURRENT CAPABILITY MAINTAINED

The following changes were made in the inputs for the Risk areas compared
to those used in evaluating Program D Prime. Input changes for Host and N/A

areas were the same except that no allowances were made for damage.

Estimates of Fractions in Successful Remedial Movement (F(X)R)

Availability of competent emergent leaders (0J) was taken one-half of
that used for D Prime both for public shelters and for home basements.
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Shelter RADEF - Emergent (ou)

The availability of competent emergent monitors (OU') was taken one-
half that used for calculating OU in estimating FPF in the estimates for
Program D Prime.

D&C -~ Public Information (DS)

The best estimate of D&C staff (DSS') was taken from IMIS-1970: the
ratio of the available EOC Operations Group to the requirement. The
high and low estimates are 10 percent greater and less than the best.

The high estimate of D&C facilities (DSF') is the ratio of sum of completed
EOCs in IMIS~1970 to the EOC requirement. The low estimate is the ratio of
completed EOCs Meeting Criteria to the requirement.

The high estimate of EOC links to EBS stations (DZC) 1s the ratio of
completed EOC Commo-Link to EBS to the requirement in IMIS-1970. The
best and low estimates are 85 and 75 percent of the high.

It is estimated that 90 to 100 percent of the population is covered by
EBS (IE') and that from 40 to 50 percent (KA) of the stations would survive
an attack. The adequacy of operations plans (PB) was taken two-thirds of that
used for D Prime.

D&C -~ Inform System (DX)

The high estimate for D&C communications to the services (DZC) is the
ratio of the completed EOC Commo-Links to EBS to the requirement in IMIS-1970,
reduced by one~half to account for damage. The best and low estimates are 85
and 75 percent of the high estimate respectively. The adequacy of operations
plans for postattack system communications (PB) was taken two-thirds of that
used for D Prime. The relative abilities of emergent leaders and organization

personnel to understand D&C (K2 and K3) ingtructions were taken one-half and

two thirds respectively of those used for D Prime.
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D&C - Acquire Data (DZD)

The high estimate of fire service personnel (FIS) was taken from IMIS-1970:
the ratio of the total available to the total requirements for Regular

Firemen, Support Assistants.and Kescue Personnel reduced by-a factor -
of 0.7 to account for injuries due to the attack. The best and low estimates
are 85 and 75 percent of the high reduced by factors of 0.6 and 0.5

respectively to account for injuries.

The information capability of the medical service, which is practically
zero in the D Prime estimate , was omitted.

The high estimate of policemen (LIS) was also taken from IMIS-1970:
the ratio of the total available to the total requirement for Regular
Police and Auxilliary Police, reduced by one-half to account for police
in public shelters and by a factor of 0.7 to account for injuries. The best
and low estimates are 65 and 45 percent of the high, reduced by factors of

0.6 and 0.5 respectively to account for injuries.

The estimates of warden staff (WZS) were obtained by probabilistically
combining the estimates of UB; WP', and UD' in the US calculation reduced by
factors of 0.5 for the low, 0.6 for the best, and 0.7 for the high estimate

of WZS to account for injuries.

The availability of resource staff (RPS) was taken the same as of fire

service personnel.

The high estimate of surviving WERs was taken as 0.7 times the ratio

of completed Fixed FADEF Monitoring Stations to the requirement in IMIS-1970.
The best and low estimates are 85 and 75 percent of the high reduced by factors
of 0.6 and 0.5 respectively to account for damage.

The adequacy of operations plans (PB) for the data reporting operation
was taken one-half of that for D Prime. i
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Effectiveness of Remedial Movement - Organized (WG)

The availability of competent CD organization personnel to conduct the
2 remedial movement (WG') was taken equal to WJ'. The adéquacy of organization
: exercise (PI) was taken to be one-half of that used for D Prime. The availability
of police (LH) is the same as for WJ. The adequacy of operations plans for
] organized remedial movement (PB) was taken about one-half of that used for
] D Prime.

Effectiveness of Remedial Movement - Shelter Manager (WJ)

The availability of CD organization persomnel (WJ) for conducting a
shelter-based remedial movement was taken equal to WZS in the DZD calculation.
The availability of police (LH) was taken four times UD' in the calculation
of US for FPF. Adequacy of shelter RADEF (US) was taken from the FPF
% : calculation.

G.4 COMPARISON OF RESULTS

PUSEEN

As a result of these modifications in the inputs, the values of F(X)R
i for the In~Place mode Current Capability Maintained, as compared to those

i found for Program D Prime, are as shown in Table G.4.




Table G.4

FRACTION IN SUCCESSFUL REMEDIAL MOVEMENT (F(X)R)

In-Place Mode

Risk Areas Other Areas
Best High Low Best High

PROGRAM D PRIME

Immediate
FFR, FRR (public)
(home)

Early
FWR, FRR (public)

(home)

Delayed
FVR (public)

Emergence
FER (public)

(home) 0.05

Immediate
FFR, FRR (public) 0.02 0.09
(home) . 0.02 0.05

Early
FWR, FRR (public) 0.04 0.12
(home) . 0.05

Delayed
FVR (public)

Emergence
FER (public)

(home)
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Appendix H
RATIONALE FOR SHELTER ALLOCATION (FA)

H.1 Introduction

A key input to the casualty assessment model is the fraction of the
population assigned to the various shelter classes discussed in Appendix I.
-, Such an assignment for Risk, Host, and Neither areas constitutes a shelter
' posture. For the in-place mode, the shelter posture represents the aggregate
of community shelter plans (CSP). For the relocated mode, the shelter posture
represents the CSP in Neither areas, the crisis relocation shelter plans (CRS)
L s in Host areas, and an estimate of stay-put behavior in Risk are~s. The shelter

postures for Program D Prime are based on the use of best available shelter in

existing structures, augmented by upgraded fallout protection for Host areas

and upgraded blast protection for key workers in Risk areas.

The ability to model the shelter assignments that would result from
CSPs and CRSs after completion of Program D Prime (and assuming a week of surge
activity during a crisis) is limited by the ability to project the evolution
{ of civil defense policy and procedures over a seven-year period, the need to J
. estimate shelter production performance in a crisis, limitations in the nation-
wide data base available today, and the requirement to match people to shelter
in a way that approximates the planning factors that will be used in actual
y shelter assignments. The data base available is the current National Shelter

[ —

Survey (NSS) inventory. A computer program (TENOS) also exists for assigning

shelter space from this inventory to unit areas in the country and for matching

R

the population in these unit areas to the available shelter in accordance with

O

se - appropriate to the NSS inventory data.

1. . |

’
] specified rules. The population data base is the 1975 population, which is
'
'

T RECL.




- - -
[

-

The basic rationale of the estimates of FAi’ the fraction of the
population assigned to the various shelter classes, i, is to begin with three
allocations using the NSS inventory and then to construct estimated allocations

by reference to certain other data and a concept of relative shelter availability.

H.2 Allocation Procedure

The allocation is performed on unit areas that are 2 minutes of latitude
and longitude on a side (approximately 2 miles on a side) in Risk areas and 10
minutes on a side in Host and Neither areas. The population in each unit area is
constrained to use of the shelter available in the unit area. This is generally
consistent with shelter allocation planning factors that would limit movement
distances to about a mile in Risk areas and 5 miles in non-Risk areas. The
shelter available consists of facilities taken up in the NSS inventory records
that have shelter space for at least 50 persons having a protection factor of
at least 40. Each facility record identifies the "Standard Location" of the
facility. The spaces in the facility are assigned to the unit area containing
the latitude and longitude of the centroid of the Standard Location.

As each such facility is considered, it is determined whether it is a
special facility. If so, it is identified as Class A space (mines, caves,
and tunnels). If not, it is determined whether there is basement space.
Basement spaces are assigned two-thirds to Class B/C and one-third to Class
G/H/1. This partition is based on a DCPA analysis of the direct-effects
protection afforded by a small sample of NSS facilities. Above-ground NSS spaces
are partitioned between Classes E/F and G/H/I in the ratio of approximately
0.45 to 0.55, based on the same analysis.

The population in each unit area is assigned to the available shelter
according to priority rules that differ in Risk and Host areas. In Risk areas,
the priority of use is according to direct-effects resistance. Hence, Class
A spaces are used first, then Class B/C spaces. If there are unsheltered
persons in the unit area, they are then assigned to home basements in the same

proportion as the fraction of homes with basements in the State within which the
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unit area lies. The residual unsheltered population is then assigned to
Class E/F. Finally, G/H/I space is used as necessary. In unit areas where
the NSS space and home basements are exhausted before the population is

completely sheltered, the residual population is identified as At Random.

In the Host areas, assignment is based on the degree of fallout
protection. Thus, all of the NSS space is used before a portion of the residual

population is assigned to home basements. The same rule is used in Neither areas.

It can be seen from this description of the detailed allocation
procedure that in the aggregate not all available shelter can be used. Only in
unit areas having a shelter deficit will this occur and, even here, some home
basements will not be occupied by those who have been assigned to higher-grade
public shelter. Therefore, estimates of future shelter availability cannot be
used directly but only through the allocation process. The process, however;
requires knowledge of geographical location of shelter that is unavailable
except by gross assumption. Hence, the estimates of FA for Program D Prime
have been derived by a relatively simple procedure that exploits the allocation
information currently available.

H.3 Relative Availability Allocation Scheme

The concept of relative shelter availability is based on the fact that
the fraction of the population assigned to the several shelter classes in a unit
area by the procedure just described is determined by the availability of shelter

relative to the unit-area population. That is, doubling both the amount of

shelter available and the population competing for it results in exactly the
same assignment fractions as before the doubling occurred. Moreover, halving
the population competing for a certain shelter availability is equivalent to
doubling the shelter availability for the original population. The same
allocation, FAi’ results.
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Table H-1 exhibits the shelter sllocation obtained using the current
NSS inventory file and the assumption that 10 percent of the population of
each Risk unit area has moved to Host unit areas. Risk, Host, and Neither
areas are as defined in DCPA TR-82.* Table H-2 shows the allocation using
the current inventory and the assumption that 80 percent of the Risk population
has relocated to Host areas. In both cases, that part of the Risk population
relocated to Host areas is assigned to Host unit areas in proportion to the
resident population of these areas. It can be seen that the Risk population
of 124.07 millions in Table H-1 (90 percent of the original Risk population)
is 4.5 times as great as the 27.56 million shown in Table H-2 (20 percent
of the original Risk population). According to the concept of relative shelter
availability, the Risk allocation in Table H-2 is the same as one in which the
shelter spaces in each shelter class are increased by a factor of 4.5 for the
124,07 million population of Table H-l. Thus, if the Risk allocation of Table
H-1 is assigned a relative availability of unity, the Risk allocation of Table
H-2 would have a relative availability index of 4.5. This relationship is shown
in Figure H-1, in which the data of Table H-1 are plotted at an index of 1 and
the data of Table H-2 are plotted at an index of 4.5.

Table H-3 provides a third allocation for the same conditions as Table H-1
except that belowground space (Classes A, B/C, and part of G/H/I) has been
increased by a factor of 1.85. The reason for this adjustment is that all below-
ground spaces in the NSS inventory have been reduced from what would be available
at the normal allocation of 10 square feet per person (0.93 square meters per
person) to account for ventilation limitations, assuming complete loss of
commercial electric power. This reduction is incompatible with the POPDEF model,
which accounts explicitly for casualties among those forced out of shelter by

inadequate ventilation. Moreover, the ventilation reduction does not permit the

*
High Risk Areas for Civil Preparedness Nuclear Defense Planning Purposes,
Defense Civil Preparedness Agency (April 1975).
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‘ TABLE H~-1

CURRENT SHELTER ALLOCATIONS

(10 Percent Spontaneous Evacuation)

Fraction of Population

Shelter Class Risk Host Neither
E A 0.030 0.031 0.006
' B/C 0.202 0.136 0.117
D 0.403 0.288 0.583
, E/F 0.054 0.036 0.040

h G/H/1 0.034 0.120 0.114
At Random 0.277 0.389 0.140

1.000 1.000 1.000

1975 Population 124.7 84.97 2.75

(Millions)




Ty

Shelter Class

A

B/C

E/F
G/H/1

At Random

1975 Population
(Millions)

TABLE H-2

CURRENT SHELTER ALLOCATIONS
(80 Percent Crisis Relocation)

Fraction of Population

Risk
0.077
0.389
0.267
0.035
0.018

0.214

1.000

27.56

Host
0.018
0.067
0.167
0.027
0.071

0.650

1.000

181.15

Neither

0.006
0.117
0.583
0.040
0.114

0.140

1.000

2.75
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TABLE H-3

SHELTER ALLOCATION WITH NO VENTILATION REDUCTION

(10 Percent Spontaneous Evacuation and Below-Ground

Shelter Class

A
B/C
D
E/F
G/H/1

At Random

Space Increased By 1.85 Factor)

Fraction of Population

Risk
0.046
0.283
0.340
0.038
0.026

0.267

1.000

R . - e

Host
0.045
0.293
0.233
0.022
0.065

0.342

1.000

Neither

0.010
0.267
0.499
0.028
0.071

0.125

1.000




assessment to account for the stocking of ventilation devices, which 1is a
feature of Program D Prime. The amount by which the space in belowground
categories is undercounted varies with the climatic region of the country.
Data for about 20 péfcept of the NSS inventory for which an all-effects
survey has been completed show that the required expansion factor varies

from about 1.45 in the northern tier of States to about 1.97 in Texas. Nation-
wide, the expansion factor has been found to be 1.85, which has been used in
Table H-3. The resulting Risk allocation has been introduced into Figure H-1
at an index of 1.85 for the first three priority classes -- A, B/C, and home
basements. For the public shelter classes, curves through the assignment
points must pass through the origin, since no population fraction can be
assigned where there is no availability of shelter. (For home basements,

the zero ordinate is the fraction of the Risk population having a home

basement.)

The best-fit equations for the two highest categories of space are:

0.622, 2
]

Class A: y = 3.052 x r- = 0,998

0.428 2

Class B/C: y = 20.796 x r- = 0,985

where y is the percent assigned and x is the relative availability index. The
next category allocated in Risk areas are home basements (Class D), which do

not expand in availability but are allocated to the fraction of those unassigned
after allocation of A and B/C space who have homes with basements. There is

an exponential decrease in the percent assigned to home basements as greater
amounts of A and B/C space become available for allocation. The best-fit

~0.17x, 2

equation is: y = 52.4 e r” = 0.85 where y is the percentage assigned

to home basements and x is the availability index for A and B/C shelter space.

The allocation of classes E/F and G/H/I decreases as shelter
availability increases (Table H-1 versus Table H-2) because the residual
population to be allocated decreases rapidly as the availability of better

shelter increases. Moreover, the aboveground space is preferentially located

R S e e s ol o -
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in the same unit areas as the Class B/C space. In Table H-3, the E/F

space has not been increased and only about 25 percent of the G/H/I space

has had a 1.85 expansion. Hence, the data cannot be located in a meaningful
way in Figure H-1 for these classes. Fortunately, only a small fraction of
the population is assigned to these kinds of shelter. For completeness, the
data from Tables H~1 and H-2 have been connected by straight lines to indicate

the approximate variation with relative shelter availability.

The equivalent analysis for Host areas is shown in Figure H~2. Here,

the unit index, the situation of least shelter availability, is that given in
Table H-2, where the host population, augmented by the relocated risk populationm,
all compete for the available NSS space. The next higher relative availability
is the situation of Table H-1, in which only the host population competes for
the available space. The ratio of the population is 181.15/84.97 or 2.13.
The data of Table H-1 is shown at this index. 1In Table H-3, the Class A space
has been expanded by a factor of 1.85 for the host population. Multiplying by
the factor 2.13 gives a relative availability of 3.94 for this category. The
best-fit equation is:

y = 1.94 x0°39; % = 0.962

If the Host and Neither columns of Table H-3 are compared with the

corresponding columns of Table H-1, it can be seen that the allocation of
Class B/C space increases by more than a factor of two; from 13.6 percent to
29.3 percent in Host areas, and from 11.7 percent to 26.7 percent in Neither
areas. The reason for this anomaly is that in these areas the B/C spaces and
the basement space in Class G/H/I were lumped together for expansion purposes
and are all shown as B/C space. (This is a valid procedure in Host and
Neither areas since the differing blast resistance is of little significance
for the attacks being considered.) In effect, the Class B/C space of Table H-1

¢ has been multiplied by 1.5 to include the Class G space and then by 1.85, a

j total multiplier of 2.78. Therefore, the correct relative availability index

b -~ . . - L e R A 4 £ . - . N - -
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is 2.13 x 2.78 or 5.91, as shown in Figure H-2. The best-fit equation for
Class B/C space is:

0.826 2
X H

y =6.9 r = 0.996

where y is the percent assigned and x is the relative availability index.

This equation predicts an assignment of 21.4 percent of the Host
population at a relative index of 3.94, the case where B/C space is expanded
by a factor of 1.85. The difference between this estimate and the value of
29.3 percent in Table H-3, 7.9 percent, can be attributed to the allocation
of population to the expanded Class G space. The Table H~3 value of 6.5 percent
for Class G/H/I represents only the assignment to the unexpanded H and I space.
The combined allocation would be 6.5 + 7.9 = 14.4 percent for Class G/H/I,

somewhat greater than the unexpanded value in Table H-1.

As in the Risk areas, the allocations for the shelter classes other
than A and B/C are complex in that the residual populations to be allocated are
smaller as the availability of better shelter increases, the aboveground spaces
are not expanded in Table H-3, and home basements, which are allocated last in
the Host and Neither areas, are available only to residents of these areas.
Hence, the trends for these categories, shown as straight lines in Figure H-~2,

show an initial growth in assignment and then a decline or peaking out.

Similar relationships for the Neither areas are shown in Figure H-3.
Since the allocations in the Neither areas do not change with crisis relocation,
data are available only for the normal availability and with belowground spaces
expanded by a factor of 1.85. For the B/C space, the expansion factor is 2.78,
as discussed earlier. The best-fit equations are similar to those in the Host
areas. When the B/C equation is evaluated at a relative availability of 1.85,
a value of 19.3 percent of the population is obtained, indicating that 7.4
percent of the population was actually assigned to the expanded Class G space.
The amount has been added to the Class G/H/I space of Table H-3 to obtain the
point shown on Figure H~3. The dashed straight lines are approximations in which
only 25 percent of the G/H/I space has been expanded and none of the Class D or

Class E/F space.
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H.4 Program D Prime Best Estimate

The relationships discussed above have been used to generate best,
high, and low estimates of FAi at the completion of Program D Prime. These
estimates have been made for an in-place posture (spontaneous evacuation only)
and a relocated posture. Since the variability of FCR is sampled in MCPOPDEF
independently of the variability of FA, the in-place posture assumes the best
FCR estimate of 27 percent and the relocated posture assumes the best FCR

estimate of 77 percent.

The best shelter allocation for the in-place mode is shown in
Table H-4. It was constructed in the following way. In Risk areas, Program D
Prime plans to provide high-performance shelter (Class Y) for key workers who
are on shift at time of attack. The best estimate of the number of key workers
is that they comprise 3 percent of the Risk population (see Appendix B). It
was judged that only half of this shelter would be available prior to a
relocation order. However, only 73 percent of the Risk population remains in
the Risk areas, so the percent assigned to Class Y shelter is 1.5/0.73 or 2.1
percent. The remaining population is assigned to the other classes. The next
assumption is that the amount of spontaneous evacuation would be unknown and that,
in any event, the CSP instructions would not be altered by the exodus. However,
no crisis shelter production is planned for the Risk areas and Table H-1 shows
a substantial shortage of shelter. Hence, it is assumed that available public
shelter is crowded to 6 square feet per person. The expansion factors for Class A
shelter are 1.85 to correct for the ventilation reduction and 1.67 for crowding,
or a total relative availability of 3.09. (If the allocation had been optimized
for a 27 percent spontaneous evacuation, the relative availability would be 3.81.)
Evaluating the Class A utilization equation for a relative availability of 3.09
gives 6.2 percent assigned. The same relative availability applies to Class B/C
shelter and yields an estimated assignment of 33.7 percent. The assignments to
the other classes are estimated from Figure H-1 at a relative availability of
3.09. The residual population after assignment to best available shelter is
21.3 percent.

e - . - . o . - - e 4




TABLE H-4

BEST SHELTER ALLOCATION, PROGRAM D PRIME

(27 Percent Spontaneous Evacuation)

Shelter Class Risk
3 A 0.062
B/C 0.337
D 0.295
E/F 0.049
G/H/I 0.023
Y 0.021

Xu -
At Random 0.213
1.000

snianihitios

Fraction of Population

Host
0.046
0.233
0.220
0.020
0.144

0.337

1.000

Neither

0.010
0.267
0.499
0.028
0.071

0.125

1.000
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For the Host areas, Figure H-2 and its equations are used. The
base case (relative availability equals one) assumes an 80 percent relocation.
Adjusting for a 27 percent relocation gives a relative availability of 1.67.
The ventilation adjustment is 1.85. In addition, analysis of the Host Area
Survey completed to date indicates that completion of this survey inm Program
D Prime would expand the availability of public shelter by a factor of 1l.4.
The total expansion factor is 4.33. The values in the Host column of Table H-4
are drawn from Figure H-2 for this relative availability. The third of the
Host-area population not assigned to the projected available shelter is assigned

to upgraded fallout shelter, Class XU. It is estimated that such shelter would

' be available at the end of the surge period as it represents only a third of

the total planned for upgrading in Program D Prime.

In the Neither areas, the "best estimate" assumes only the correction
for the ventilation reduction and production of upgraded shelter for the small
unsheltered population. Therefore, the data in Table H-3 are used, substituting
Class XU for the At Random category. The Neither area estimates are the same
in Tables H-4 and H-5.

The relocated posture (Table H-5) is based on the "best" estimate of
FCR for a directed relocation; namely, 77 percent. This result is so close to
the 80 percent used in the allocation procedure that little adjustment is
necessary. The key workers in the Risk area are estimated to be 3 percent of
the original population or 13 percent of the residual population. The 87 percent
who are stay-puts are assigned to the same proportions as in the in-place posture
(no change in CSP); for example, the value of 0.054 shown for Class A is 87
percent of the value shown in Table H-4. For the Host areas, estimates from
Figure H-~2 are used. The base case is for an 80 percent relocation. The
adjustment for a 77 percent relocation is 181.15/177.33 = 1.02. In addition,
expansion factors of 1.85 for ventilation correction and 1.4 for completion of

the Host Area Surve§ are assumed. The total expansion factor is 2,65.
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Shelter Class

A

B/C

E/F
G/H/1
Y

Xu

At Random
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TABLE H-5

BEST SHELTER ALLOCATION, PROGRAM D PRIME
(77 Percent Crisis Relocation)

Fraction of Population

Risk Host Neither
0.054 0.034 0.010
0.293 0.155 0.267
0.256 0.135 0.499
0.043 0.030 0.028
0.020 0.101 0.071
0.130 - -

- 0.545 0.125
0.204 - =
1.000 1.000 1.000
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Accordingly, the Class A value is 0.034 and the B/C value is 0.155. For Class

E/F, the expansion factor is 1.02 x 1.4 or 1.43, for which the assignment is

I 0.030. For Class G/H/I, the total expansion factor is 1.73, made up of 1.02 3
for relocation adjustment, 1.4 for completion of the Host Area Survey, and

1.2]1 for the ventilation correction in the 25 percent of the spaces that are 3
below ground. The linear estimate is 10.1 percent assigned. After these
assignments, 64.8 percent of the population are still unassigned. This »
1 fraction of the resident host population (71.18 millions) has a basement {
fraction of 52 percent, yielding 23.98 millions in home basements or 13.5

. percent of the total population. The unsheltered fraction (54.5 percent)

‘ will have upgraded shelter available at the end of the relocation period with

high confidence in good weather since crowding can cover substantial short-

falls where these occur.

- H.5 Program D Prime High Estimates

The high estimates for the in-place and relocated postures are shown
in Tables H-6 and H-7. These estimates represent modifications of the best
estimates to reflect a more optimistic view of the learning process and

consequent policy changes in the course of deployment of Program D Prime.

s
o p—
s i

One potential improvement in the shelter postures lies in the more

] aggressive use of suitable mine space. Class A space, especially in mines, ,
' is grossly undercounted in the NSS inventory, both in the number of mines in <
inventory and in the usable space attributed to those in the inventory. A {
1962 study* of mine space in Missouri contains data on 13 mines in the NSS .
inventory. These were found capable of sheltering 2,400,000 people at 10

square feet per person. In the NSS, these same mines are listed as containing

*
Missouri Underground Shelter Space: A Fallout Shelter Survey of Mines and :
Caves in Missouri by Missouri Civil Defense Agency (January 1962). ge
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HIGH.SHELTER ALLOCATION, PROGRAM D PRIME

(27 Percent Spontaneous Evacuation)

Fraction of Population

Shelter Class Risk Host Neit! ar
A 0.102 0.083 0.029
B/C 0.283 0.356 0.384
D 0.312 0.155 -
E/F 0.038 0.020 -
G/”/1 0.026 0.144 0.100
Y 0.034 - -
XU - 0.242 -
XE 0.205 - 0.487

1.000 1.000 1.000




TABLE H-7

HIGH SHELTER ALLOCATION, PROGRAM D PRIME

(77 Percent Crisis Evacuation)

Fraction of Population

Shelter Class Risk Host Neither

A 0.080 0.061 0.029
0.222 0.236 0.384
0.244
0.030
0.020

0.217
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327,000 spaces, or 14 percent of the actual space. Only a small fraction of

the 100 mines in Missouri are carried in the NSS inventory. Based on this
sample, it is judged that the available space in mines could be increased by
at least a factor of seven by greater survey emphasis both in recording

suitable mines and accounting more fully for the available space.

A second reasonable policy decision would be to enlarge the scope
of the Host Area Survey to include the Neither areas. The relatively small

population in these areas should not add significantly to the survey cost.

Finally, a possible development in the deployment of Program D Prime
would be to recognize the need to strengthen the shelter posture in the Risk

and Neither areas by planning for crisis production of expedient trench-type

shelters in these areas, at least for those without a shelter assignment.

The construction of such shelters, perhaps by individual families as in recent
experiments, would parallel the production of upgraded fallout shelter in the
Host and Neither areas and make the crisis production of key-worker shelter

in Risk areas more credible.

On the basis of the above, the principal assumptions for the high
estimates are (1) that a resurvey of Class A mine space will increase the
relative availability by a factor of 7, (2) that the Host Area Survey will be
conducted in the Neither areas as well, (3) that expedient shelters (Class XE)
will be produced in the surge period in both Risk and Neither areas, and (4) that
home basements will not be used in the Neither areas because of the prospective

high radiation levels.

In Table H-6, the Risk allocations are derived as follows: From
Figure H-1, the Class A equation yields 10.2 percent assigned for a relative
availability of seven. The B/C, E/F, and G/H/I values are from Table H-3.
The Category D assignment is adjusted from Figure H-1 to account for the higher
assignment to Category A. The residual population is assigned to XE shelter

except for those who could occupy Class Y (key-worker) shelter. It is assumed

F had . - N e . — . s &#
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‘ that Class Y shelter for the high estimate of key-workers (5 percent of the
original population) is produced and that half is so located that it can be
assigned. Since the population is only 73 percent of the original, the assigned

fraction is 3.4 percent. The remainder of the unsheltered (20.5 percent of the

residual risk population) are assigned to trench-type expedient shelters dug

during the surge period in parks and vacant lots. As noted before, if at least

60 percent of the required space, measured at 10 square feet per person, can be

completed, crowding will permit sheltering of this group. Note that crowding

of the public shelter categories is not assumed in this estimate since the XE

shelters offer better protection generally.

Similarly, in the Host areas, Figure H-2 is used as appropriate.

= The expansion factor for Class A space is 1.67 to adjust to a 27 percent

) evacuation multiplied by 7 for correction of the undercounting of mine space
(this replaces the 1.85 correction in the best estimate) or 11.69. Evaluation

] of the Class A equation gives an assignment of 8.3 percent. The expansion

factor for B/C space is 1.67 (27 percent evacuation) times 1.85 (correction

for ventilation reduction) times 1.4 (completion of Host Area Survey) times

1.67 (crowding to 6 sq. ft. per person) or 7.22. Evaluation of the B/C

equation yields an assignment estimate of 35.6 percent. The expansion factors
for E/F and G/H/I are in the neighborhood of 4 but since the utilization appears
to change little in this regjon, the best estimates are used. The fraction of
the resident host population assigned to home basements (Class D) is then
determined as noted before by determining the fraction unassigned and multiplying
by the fraction with basements. The result is then adjusted to the ratio of

resident to Host-area population with 27 percent relocation. The residual

population is assigned to fallout-upgraded shelter (Class XU) as in the "best"

f allocation.
The Neither allocation is based in part on Figure H-3. The Class A

’

) ,
,l. . equation, evaluated at x equals 7, yields an assignment of 2.9 percent. For
' the other public shelter space, the expansion factor is 4.33, made up of the
'
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factors 1.85 (ventilation correction), 1.4 (completion of host area survey),
and 1.67 (for crowding). The percent assigned to Class B/C is projected to
be 38.4 percent according to the trend equation. To be consistent, the
assignments to Classes E/F and G/H/I should be evaluated at the factor 4.33
to reflect the greater availability of Class B/C space. _The assignment to
Class E/F would be negligible if the linear trend is approximately correct.
The projection for Class G/H/I assumes that the trend line, which is still
increasing at a relative availability of 1.85, peaks thereafter and then
declines as more basement space becomes available. An estimate of 10 percent
was made. No assignment to home basements is made in the high allocation.
Instead, the residual population is provided with crisis production of
expedient shelter (Class XE).

The high shelter allocation for the relocated mode is shown in
Table H-7. In the Risk areas, the high estimate of the number of key-workers
is used, which is 5 percent of the risk population. Since 23 percent of the
risk population remain in the Risk areas, key-workers account for 5/23 or 21.7
percent of them. This fraction is assigned to Class Y shelter. The remaining
78.3 percent are assigned in the same proportions as in Table H-6; e.g., the
Class A value in Table H-7 is 78.3 percent of the Class A value in Table H-6.
In the Host areas, Class A space is expanded by a factor of 7. The evaluation
of the Class A equation gives 6.1 percent as the assignment. The expansion
factor for Class B/C shelter is 1.02 (correction for 77 percent relocation)
times 1.85 (correction for ventilation reduction) times 1.4 (completion of
Host Area Survey) times 1.67 (crowding to 6 square feet per person) or 4.4l1.
The evaluation of the Class B/C equation gives 23.6 percent as the assignment.
For the same expansion factor, the assignments to Classes E/F and G/H/I are
estimated from Figure H-2 to be 2 percent and 14.5 percent respectively. It

is assumed that home basements are not used. The residual population is

assigned to upgraded fallout shelter (Class XU).
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H.5 Low Shelter Allocations for Program D Prime

The low estimates for the in-place and relocated postures are
shown in Tables H-8 and H-9. 1In general, the shelter assignments for the
low estimate are identical to the best estimates of Tables H-4 and H-5 and
are based on the same assumptions. The exception has to do with the production
of upgraded fallout shelter in the Host and Neither areas. During some part
of the winter months, the ground is frozen in the northern part of the U.S.,
making the upgrading process difficult, if not impossible. The low estimates

are intended to account for this degradation in fallout protection.

The part of the year in which shelter upgrading would be impeded in
a large section of the country is reflected in the fraction of Monte Carlo
runs in which the low estimate is chosen. This is established as 20 percent
of all runs. Assuming that an attack is equally likely at any time of the
year, this choice is equivalent to 73 days out of the year. Coupled with
this choice is the assumption that no shelter upgrading occurs during this

period in the affected part of the country.

The fraction of the population not provided with upgraded fallout
protection because of frozen ground is assumed to be at random in residences,
as are the unwarned and stay-puts. It would, of course, be possible in such
contingencies to crowd the available public shelter, as was assumed in the high
estimates. It would also be possible to ask Host area residents to volunteer
the use of home basements by others., These adjustments were assumed not to

occur in the low estimates.

To estimate the fraction of the population not provided with upgraded
fallout shelter because of frozen ground, it was determined that about two-
thirds of the risk population resides in the northerly part of the country
where more than half the residences have basements. The average fraction of
homes with basements in this region is about 87 percent. - In the South and

Southwest, the basement-poor part of the country, only about 14 percent of
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TABLE H-8

LOW SHELTER ALLOCATION, PROGRAM D PRIME

(27 Percent Spontaneous Evacuation)

Fraction of Population

Shelter Class Risk Host Neither

A 0.062 0.046 0.010
0.337 0.233 0.267
0.295 0.220 0.499
0.049 0.020 0.028
0.023 0.144 0.071

Y 0.021

XU -

At Random
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TABLE H-9

LOW SHELTER ALLOCATION, PROGRAM D PRIME
(77 Percent Crisis Relocation)

. Fraction of Population i:
. Shelter Class Risk Host Neither -
A 0.054 0.034 0.010 'S
1 B/C 0.293 0.155 0.267 { '
k’. ' D 0.256 0.135 0.499
E/F 0.043 0.030 0.028 3}
G/H/I 0.020 0.101 0.071
] Y 0.130 - - )}
xu - 0.436 0.100
At Random 0.204 0.109 0.025

1.000 1.000 1.000
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homes have basements on the average. It was also estimated that most of

the public shelter space belowground is also located in the basement-rich
North. As a consequence, most of the requirement for upgraded or expedient
shelter is in the basement-poor section of the country where the availability
of public shelter is lowest and few of the unsheltered population have home
basements. It was concluded that in Risk areas about 80 percent of the
unsheltered population would be in the basement-poor part of the country.
This, of course, is the South and Southwest where frozen ground would not

be an impediment. It was assumed that this relationship applies to Host
areas as well and to both in-place and relocated postures. This assumption
is partially corroborated by inspection of Table H-2, where the unsheltered
fraction in the Neither areas is only about 20 percent of that in the Host
areas. Most of the Neither population resides in New Jersey, which, although
marginal with respect to the freezing of the ground in winter, is in the
basement-rich part of the country. Therefore, it has been assumed that 20
percent of the upgraded fallout shelter required in the Host and Neither
areas is not produced in the low estimates. The Category XU assignment is
thus 80 percent of that in the best estimates and the residual population is

classed as "At Random'.

H.7 Probability Distribution for Program D Prime

As noted above, the probability of occurrence of the low estimates
of FA for Program D Prime was judged to be 20 percent. Because of the nature
of the assumptions used in the high estimates, it was judged that the
probability of occurrence was only 5 percent. Hence, the best estimates were

given a weight of 75 percent.

H.8 Estimates for the Current Capability

Estimates of FAi for the Current Capability Maintained and for the

Paper Plans Only programs were based on the present NSS inventory. However,
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because the all-effects survey of Program D Prime would not be available,

only two public shelter classes were considered: Belowground NSS and Above-
ground NSS. Thus, belowground spaces are a combination of all-effects categories
A, B, C, and G, where aboveground spaces are a combination of categories E,

F, H, and I. Since both the NSS inventory and existing CSPs are out of date,
it was judged that only three-quarters of the inventory could actually be
assigned in a crisis. Home basements represent a major shelterirj resource at
the present time. It was also judged by the expert panel that emergency
information provided to the public during the surge period could cause some

10 percent of the public to provide improved fallout protection in aboveground
parts of residences.

Considering the above, the panel made the following assumptions: (1)
people possessing home basements would be told to use them rather than moving
to public shelter; (2) those without home basements would be assigned to or
told to go to nearby large building basements (represented by three-quarters

of the NSS belowground inventory); (3) where the belowground inventory was
exhausted, the aboveground NSS space would then be used; and (4) ten percent

of the unit-area population would upgrade their residences if they had no
other shelter. These rules were used in a TENOS detajiled allocation with the
results shown in Table H-10. The table shows the shelter posture for two
levels of evacuation, 16 and 39 percent, which are the best estimates of FCR
for Current Capability Maintained and Paper Plans Only. The panel decided
not to make low and high estimates for these postures; hence, they were used
in MCPOPDEF without variatiom.

In addition to the shelter postures of Table H-10, a TENOS allocation
was also performed for an FCR of 77 percent to aid in the analysis. This

pseudo-posture is not shown.
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TABLE H-10
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SHELTER ALLOCATIONS, CURRENT CAPABILITY

Fraction of Population

Shelter Category Risk Host Neither

(16 Percent Spontaneous Evacuation)

| . s At Random 0.234 0.471 0.122
) Home Basements 0.549 0.356 0.748

——
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Belowground NSS 0.146 0.077 0.042
Aboveground NSS 0.015 0.008 0.010
Upgraded Residences 0.056 0.088 0.078

(39 Percent Ordered Relocation)

At Random 0.226 0.547 0.122
Home Basements 0.549 0.278 0.748
! Belowground NSS 0.158 0.074 0.042
| Aboveground NSS 0.014 0.010 0.010

g Upgraded Residences 0.053 0.091 0.078
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RATIONALE FOR RATED SHELTER CHARACTERISTICS




Appendix I
RATIONALE FOR RATED SHELTER CHARACTERISTICS

1.1 Introduction

The direct-effects protection characteristics of the various shelter
classes to which the population may be assigned are represented in MCPOPDEF
by values of blast overpressure at which 50 percent of the shelter population
survive (MLOP) and survive uninjured (MCOP). The protection afforded by the
shelter class against fallout radiation is represented by the protection
factor (PF). 1In all cases, the rated characteristics are intended to represent
a random location and posture (standing, sitting, or lying down) within the
shelter areas. In general, the rated characteristics can be improved if the
shelter occupants were in the best location and best posture to survive weapon
effects. The potential improvement if all were in the best protective posture
is represented by a fractional increase in the rated characteristics. These
fractional increases are labeled AMLOP', AMCOP', and APF.

There are a number of uncertainties inherent in estimating these
parameters, not the least of which is that each shelter class represents a
large number of shelter locations, mostly in buildings, that differ among them-
selves in their protective characteristics. The shelter classes, of course,
are chosen to distinguish major characteristics but variability remains within
each class. Therefore, low, best, and high estimates of the parameters were
made by an expert panel, together with judgments of the form of the probability
distribution over the range of estimates. The estimates were intended to
represent the range of variability of the expected performance of the shelter
class as a whole and not the variability among individual shelter areas. The
results are summarized below for each shelter class, first for the Program D

Prime classes and then for the "current'" categories.
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1.2 The "At Random" Class

This class is used for the unwarned, those deciding not to go to
shelter, those not provided with shelter by a program, and those caught prior
to leaving for assigned shelter by a detonation. The estimates are intended
to apply to people at random in residential buildings and include consideration

of the effects of thermal radiation as well as blast overpressure.

Parameter Low Best High
MLOP (psi) 3 5 7
MCOP (psi) 2 2 2
PF 5 ‘ 10 15

The PF range assumes remaining indoors aboveground for the low
estimate and partial use of a residential basement for the high estimate.
The default or normal distribution was assigned to the MLOP and PF estimates.
The MCOP is constant at 2 psi. For this class, AMLOP', AMCOP', and APF are

zero.

I.3 Home Basements

The rated characteristics for this class assume a family group
located at random in the basement. The delta parameters assume use of the

best corner of the basemeﬁt.

Parameter Low Best High
MLOP 5 10 20
mMcop 4 4 10
PF 10 25 50
AMLOP' 0.1 0.15 0.2
AMCoP'! 0.8 0.9 1.0
APF 1.0 1.0 1.0
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The range for MLOP and MCOP reflect uncertainty about the survival

1 situation as residences are blown off-site above about 5 psi. The PF estimates

. reflect uncertainties in range of construction and in effects of damage on

V fallout protection where this occurs. The distribution for MLOP is 15 percent
in the 5- to 7-psi range, 35 percent in the 7- to 10-psi range, 35 percent in
the 10~ to 13-psi range, and 15 percent in the 13- to 20-psi range. The
distribution for MCOP is 50 percent at 4 psi, 35 percent in the 4- to 6-psi
range and 15 percent in the 6- to 10-psi range. The random-number choice for
MLOP determines the corresponding MCOP. The default distribution is used for
PF and the delta parameters. The estimates for AMLOP' and AMCOP' reflect the

e

k judgment that the blast protective posture would be most effective in reducing
injuries rather than fatalities.

I.4 Class A - Mines, Caves, and Tunnels

Most of this space is in mines and urban tunnels.

Parameter Low Best High
MLOP 20 50 200
Mcop 15 35 150
PF 1000 5000 10000
AMLOP' 0.1 0.1 0.1
AMCOP' 0.1 0.1 0.1

The uncertainty ranges reflect the variability in specific structures
and the fact that the failure mechanism is not fully understood. The primary

! casualty-producing factors are room-filling and high-velocity jets at openings.
The small delta estimates account for avoiding the use of areas near openings.
APF 1is zero for this class. The distribution puts 70 percent of the weight
' between 40 and 70 psi, 15 percent between 20 and 40 psi, and 15 percent between
‘ . 70 and 200 psi, with MCOP correlated with MLOP. The PF distribution is normal.
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I.5 (Class B/C - Strong Building Basements

Parameter Low Best High
MLOP 7 10 25
MCOP 5 7 10
’ PF 100 500 1000
AMLOP' 0.3 0.35 0.4
AMCOP' 0.3 0.35 0.4
APF 0.75 0.75 0.75

The blast protection estimates reflect uncertainties in the first-
floor strength in large building basements, the existence of sub-basements,
etc. The MLOP distribution places 40 percent of the weight between 7 and 10
psi, 40 percent between 10 and 13 psi and 20 percent between 13 and 25 psi,
with MCOP correlated. The PF estimates are drawn from the DCPA Attack
Environment Manual and the default distribution is used. The blast protection
parameters reflect location of people away from centers of spans and openings
along walls and around columms. The APF estimates assume maximum use of

corners and spaces near walls.

1.6 Class E/F - Aboveground, Strong Walls

This shelter class involves large buildings with strong walls, less

than 50 percent apertures, and less than ten stories.

Parameter Low Best High
MLOP 4 8 10
Mcop 2 2 2
PF 20 55 90
AMLOP' 0.1 0.1 0.1
AMCOP' 1.0 1.0 1.0
APF 1.0 1.0 1.0
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The estimate of MLOP has a substantial range but it was judged

only a low probability (10 percent) that the expected performance would be
between 4 and 6 psi. A weight of %5 percent was placed between 6 and 8

psi and an equal weight between 8 and 10 psi. The MCOP is estimated at a
constant 2 psi but the estimate of AMCOP' indicated that this injury level
could be doubled if people were lying down and holding on to things and

each other. The PF estimates are based on the DCPA Attack Environment Manual
and could be doubled (APF = 1.0) by use of interior core areas. Thé default
distribution was used for the PF estimate.

I.7 Class G/H/I ~ Weak Basements and Aboveground, Weak Walls

Shelters in this class are in large building basements with flat

plate or band-beam-supported first floors or in aboveground parts of buildings 2
with weak walls, large apertures, or over ten stories tall. I '

Parameter Low Best High

MLOP 3 5 7

McCoP 2 2 2

PF 40 70 120

AMLOP' 0.4 0.6 0.8

AMcop' 0.5 0.5 0.5

APF 1.0 1.0 1.0

The default distribution was judged applicable to the variable

parameters.

1.8 (Class XU - Upgraded Fallout Protection

Shelters in this class are to be produced in a crisis by piling

S et e ltek

earth against the walls and on the floor aver the shelter areas in non-

residential buildings having insufficient barrier protection otherwise.

- > - e —~ - . - . X ) .




- .
L]

~

-y

1.

) AN

I-6

Parameter Low Best High
MLOP 3 5

MCOP 2 2 2
PF 20 40 100
AMLOP' i 0.1 0.1 0.1
AMcop! 0.1 0.1 0.1
APF 0.75 0.75 0.75

The blast resistance of this class was judged to be similar to
Class G/H/I but the delta parameters are smaller. The PF estimates reflect
uncertainties in the nature of the detailed upgrading plans to be prepared
in Program D Prime and in the time available to carry out the upgrading.
The effectiveness of the fallout protective posture (APF) was judged to be
similar to Class B/C.

I.9 Class Y - Key Worker Shelter

Estimates for this shelter class were based on an existing design

tha: survived 53 psi undamaged under test.

Parameter Low Best High
MLOP 35 55 100
MCOP 20 45 85
PF 100 200 300

Seventy percent of the probability weight for MLOP was placed
between 40 and 70 psi, with 15 percent above and below. The MCOP is
correlated with the MLOP. The default distribution was used for PF. The

delta parameters are zero for this class.

I.10 Class XE - Expedient Trench Shelter

The estimates assume a lined trench shelter that provides good

protection from injury until catastrophic failure occurs.
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Parameter Low Best High
MLOP 10 15 40
S MCOP 9 14 30
PF 100 200 300

The range of MLOP and MCOP reflect uncertainties in construction
and soil characteristics. The default distribution was used. The delta

parameters are zero for this class.

i
i
b

I.11 Belowground NSS Space

This Current Capability category includes all belowground spaces in
the NSS inventory offering at least PF 40 for at least 50 people.

Parameter Low Best High
. MLOP 6

MCOP 3 . 4

PF 30 100 500

AMLOP' 0.3 0.4 0.5

AMCOP' 0.3 0.4 0.5

APF 0.75 0.75 0.75

The default distribution was used for all variable parameters.
The estimates of MLOP and MCOP lie between those of Class B/C and Class G/H/I,
reflecting the judgment that the inclusion of building basements with weak
overhead floors outweighed the small utilization of Class A space. The

delta parameters are similar to Class B/C.

1.12 Aboveground NSS Space

This Current Capability category includes all aboveground space in

SrTemt A T £ 0. TR ORIV
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the NSS inventory offering at least PF 40 for at least 50 people.




Parameter Low Best High
MLOP : 3

McoP 2 2 2
PF 30 70 100
AMLOP' ’ 0.10 ) 0.10 0.10
AMcoP’ 1.00 1.00 1.00
APF 1.00 1.00 1.00

The estimates of MLOP and MCOP are those of Class G/H/I and
their delta parameters are those of Class E/F. The PF estimates are
intermediate to these classes and APF is appropriate to both.

1.13 Upgraded Residences

This category is based on the assumption that a refuge could
be established in the aboveground posture of residences that would provide
good fallout protection but no appreciable improvement in blast protection.
The MLOP and MCOP were judged to be the same as the At Random class and
Class G/H/I. The PF was judged to be 50 with no variation. The delta

parameters are zero. The default distribution was used.

I.14 Persons in the Open

The estimates of MLOP and MCOP for persons caught in the open
enroute to shelter by intervening detonations include variability in the

amount of shielding from the thermal pulse by structures.

Parameter Low Best High
MLOP 2 3 6
MCoP 1

The distribution for MLOP placed 40 percent of the weight between
2 and 3 psi, 40 percent between 3 and 4 psi and 20 percent between 4 and 6
psi, with MCOP correlated. Survivors are assumed to continue to assigned

shelter for fallout protection. There are no delta parameters for this

1
i
situation. i
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Appendix J
RATIONALE FOR ESTIMATES OF ENTRAPMENT

J.1 1Introduction

The fraction of the population in a given shelter class who are
trapped because of blast effects is determined in POPDEF by use of a median
trapping overpressure (MTOP) assigned to the shelter class. The fractiom of
the trapped who are uninjured (FTU) is also specified for each shelter class.
The basis for the values of MTOP and FTU is described here.

J.2 Available Data

Few data have been found relating to entrapment. In 1965, Crain et

al* examined data on entrapment of people in Morrison-type shelters in basement
of wall bearing, brick buildings in london during World War II. They found tha

]
L

in the samples, 56 percent had been trapped and an additional 7 percent had died.

They concluded that the sum of these was equivalent to the fraction who could
have survived. They extrapolated this finding to the NSS buildings and derived

the following estimates of entrapment rates:

Building Type Entrapment
Wall-bearing Brick 12%
Wood Frame 107
Reinforced Concrete 67
Steel Frame 2%

In a draft of Emergency Rescue (Federal Civil Defense Guide, Part E,
Chapter II, November 1967), these estimated rates were further refined as

follows:

*
Crain, J.L. et al, Civil Defense Rescue, Stanford Research Institute
(August, 1965).




Type of Killed (K) Trapped Ratio ,

Overpressure Construction Immediately (T) T/K
(psi)

5-8 Heavy 0.08 0.05 0.62
Light 0.13 0.09 0.69
3.5-5 Heavy 0.07 0.04 0.57
Light 0.08 0.06 0.75
2.5 - 3.5 Heavy 0.03 0.02 0.67
Light 0.03 0.02 0.67

where the terms "Killed Immediately" and "Trapped" are defined as follows:

Killed Immediately - those persons killed instantly or suffering
injuries of such severity that they die within
24 hours.

Trapped - those persons entangled or otherwise confined by
blast-caused debris who cannot escape without outside
help. They may be found in any condition from
uninjured to nonambulatory seriously injured.

The fractions shown under killed and trapped may be taken both as the rate
at which people would suffer these effects and as the probability that an

individual would.

The differences in the ratios T/K are not significant; they can be
accounted for as results of rounding off small numbers. In addition, the data
base from which they were derived is too small to support such differences.
Therefore, it was decided to use the average value, T/K = 0.67; that is, the
fraction trapped is two-thirds the fraction killed at any overpressure. That
there should be this relationship between the probability of being killed and
that of being trapped seems reasonable. Both effects result from the breaking
up of the structure. Therefore, it should be expected that the rates of forming
lethal missiles and trapping debris would be proportional to each other.




J.3 Entrapment Probabilities

The MLOP and MCOP "cookie-cutters" used in POPDEF to estimate

casualties are derived from probability functions of the type shown in Figure
J-1, in which:

P, =Pyt (1)

o
(]

1l- P, (2)

probability of being a casualty

o
]

probability of being injured

©
e
[

probability of being killed

probability of being uninjured

o
[}

The people who are trapped are, by the definition given above, among

the survivors. Then,

P, = 0.67 Pk(l - pk), and (3)
Pege = P ¥ P %)
where:

p, = probability of being a trapped survivor
l-pk = probability of surviving

= probability of being either killed or a trapped
survivor

Figure J-2 shows an example of the result obtained by the applicaticn of
Equations (3) and (4) to the fatality function shown in Figure J-1.
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FIGURE J-1 PROBABILITIES OF DEATH AND INJURY :
PEOPLE IN CLASS B/C SHELTER
(DIRECT EFFECTS)
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P. " probability of being a casualty
P, = probability of being injured

P " probability of being killed

P, " probability of being uninjured’
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Fraction of Occupants of Category B/C Shelters
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FIGURE J-2 PEOPLE TRAPPE) IN CLASS B/C SHELTERS
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Pesr ™ Probability of being either killed or a trapped survivor
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J.4 Estimates of MTOP

Survivors of the immediate weapon effects would be: injured or
uninjured, trapped, or not trapped. Estimating the effectiveness of civil
defense countermeasures and program elements requires assessment of the
condition of the survivors in these categories. This assessment, in turn,
requires the development of probability functions for use in predicting the
numbers of survivors in the several classes. These functions can be derived
using Equations (1), (2), and (3). The results of the calculations for Class
B/C shelter are shown in Figure J-3.

Column (1) shows the given overpressure. Columns (2) and (3) show

the casualty (pc) and fatality (pk) probabilities calculated using an 2quation

E
£(p) = 1 - & X

where x = overpressure and k and E are constants related to the protection.
Column (4) shows the probability of being uninjured (pu) found by subtracting
Column (2) from unity. Column (5) shows the injury probability (pi) found by
subtracting Column (3) from Column (2).

Column (6) shows the "Killed + Trapped" function found by solving
Equations (3) and (4) for the values of Py in Column (3). Column (7) shows
the probability of being trapped (pt) found by subtracting Column (3) from
Column (6) or by using equation (3). Column (8) shows the probability of
being trapped and uninjured (ptu = FTU) found by multiplying Column (7) by
Column (4) on the assumption that the probability of being uninjured is the same
whether trapped or not trapped. Column (9) shows the probability of being

trapped but injured, P found by subtracting Column (8) from Column (7).

ti’




Fig. J-3 Probability Functions for People under Direct Effects (8/C)
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Column (10) shows the probabilty of being not-trapped and uninjured (pnu) found
by subtracting Column (8) from Column (4). Column (11) shows the probability

of being not-trapped and injured (pni) found by subtracting Column (9) from
Column (5).

The "Killed + Trapped" values in Column (6) are essential for defining
MIOP for use in POPDEF. The MTOP is the overpressure at which Pret ™ 0.5. For
Class B/C shelters, MTOP = 8.7 psi.

The values of MIOP based on the best estimate of MLOP for each Program
D Prime shelter class and the MTOP/MLOP ratios are:

Shelter Class MLOP MTOP MTOP /MLOP
{psi) {psi) _(psd)
A 50 46 0.92
’ B/C 10 8.7 0.87
D 10 8.7 0.87
E/F 7 0.875
G/H/I 4, 0.92
At Random 5 4, 0.92
Weighted Average 0.88

It can be seen in the table that the ratio MTOP/MLOP clusters between
0.87 and 0.92. The data base from which the values of MTOP were derived is too
small to warrant consideration of such small differences. Therefore, an average
value of 0.88 obtained by weighting for relative quantities of the several classes
has been used in calculating MTOP for all shelter classes. This factor is applied
in MCPOPDEF to the MLOP selected from the distribution to obtain the appropriate
MTOP.

[

"‘ . J.5 Estimate of FTU
)

'

Estimates of the fractions of the trapped survivors who are uninjured

(FTU) and injured (1 ~ FTU) can be obtained by integrating the fractions of




survivors for the several classes are:

Shelter Class FTU

A 0.12

B/C 0.20

- D 0.02
. E/F 0.01
G/H/1 0.02

: Xu 0.02
, Y 0.11

XE 0.20

At Random 0.06

- e R TS,

trapped/uninjured and trapped/injured over the range of overpressures of interest;
these proportions are the same as the sums at the foot of Columns (8), and (9)
in Figure J-3. Similar proportions for other shelter classes were calculated in

the same way. Then, the proportions of uninjured and injured of the trapped

1 - FTU

0.88
0.80
0.98
0.99
0.98
0.98
0.89
0.80
0.94

For the Current Capability shelter categories, FTU for Class B/C was
used for Belowground NSS, that for Class G/H/I was used for Aboveground NSS, and
that for the "At Random" class was used for Upgraded Residences.
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Appendix K

RATIONALE FOR ESTIMATES OF FRACTIONS FORCED
OUT BY LACK OF WATER OR VENTILATION

K.l 1Introduction

People may be forced to leave the shelter after a limited period of
occupancy because of lack of drinking water and/or insufficient ventilation
to provide a habitable shelter temperature. These problems are interrelated
because the primary physiological mechanism for dissipating metabolic heat in
a warm or hot environment is through the evaporation of sweat, which increases
the water demand. Drinking water may be available to shelterees in tanks
normally in buildings or from the water supply system, or may be provided by
the stocking of water containers as part of a civil defense program. Ventilation
to provide a cool or comfortable temperature environment,is ordinarily available
to family groups in homes and in aboveground public shelters but will usually be
insufficient in summer months in belowground public shelters unless ventilation
devices are provided, especially since a basic assumption of POPDEF is that

commercial electric power will be lost in all areas after a nuclear attack.

The population defense model provides for inputs defining, for each
shelter class, the fraction of the surviving population forced out of shelter
by lack of water (FW) at time TW and the fraction forced out by inadequate
ventilation (FV) at time TV. Some simplifying assumptions have been made in
providing estimates of these input parameters. The first is that people are
forced to abandon their shelters if they become untenable from lack of water or
ventilation. That is, water cannot be supplied by part of the sheltered
population foraging on behalf of the rest or by supply by civil defense from
outside the shelters. Nor can heat stresses be relieved by partial abandonment

of the shelters or by spreading out. The bases for this assumption are that
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(1) the water problem is really a container problem that is not readily solved
except by stocking, (2) radiation levels will preclude early external operations
wherever premature exit would result in casualties, and (3) shelter space is so
limited that spreading out occupants is usually not practical. A second
assumption is that water in tanks, containers, or in gravity-pressurized water
systems 1ls always available if the maximum overpressure experienced. is less than
4 psi. On the other hand, none of this water is available if the maximum over-
pressure exceeds 4 psi. This assumption is a cookie-cutter estimate of the
consequences of blast damage to this resource. A third assumption is that
ventilation is never a problem to the unwarned in residences, people in home
basements or people in aboveground shelters (Classes E/F and G/H/I). The fact
that about one-quarter of the spaces in Class G/H/I are actually in basements

is ignored. On the other hand, it is assumed that ventilation is always a
problem in belowground spaces and upgraded fallout shelters (Classes A, B/C, and
XU) unless ventilation devices are provided. This is an obvious simplification

of a more complex situation.

A fourth assumption is that public shelters are occupied so as to
provide 10 square feet of floor area per occupant. A fifth assumption is that
if ventilation devices are stocked, they are always used so as to provide a
probability of not exceeding 82° Effective Temperature for 90 percent of annual
days. That is to say, even if stocking occurs, belowground public shelter would
be abandoned 10 percent of the time for random attacks. These two assumptions
tend to balance each other, as the first is probably too severe and the second

not severe enough.

K.2 Estimates of FW

For Program D Prime, the fraction of the population in each shelter
class that is forced out of shelter because of lack of water was estimated as

follows:
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Risk and Neither Areas (No Water Stocked)

One-half of the survivors in each public shelter class experiencing
less than 4 psi blast overpressure were forced out, This estimate was based
on surveys conducted in the 1960s that indicated that trapped water or gravity
water supplies would be available to about one-half the NSS spaces. FW was

estimated to be zero for all survivors experiencing less than 4 psi in the §

unwarned category, home basements, and key worker shelters (Class Y). The
fraction of survivors experiencing more than 4 psi were forced out in all
shelter classes except Class Y, which are strong shelters and the only category

assumed to be stocked.

Host Areas (Water Stocked)

Since Program D Prime includes the stocking of water in Host areas,
FW was estimated to be zero in all shelter classes for that fraction of the
population experiencing less than 4 psi. All experiencing greater than 4 psi
were forced out because of damage to the water supply. (For the Current Gapability

calculation, Host areas were treated as described for Risk and Neither areas above.)

K.3 Estimates of FV

Only belowground spaces in Categories A, B/C, XU, and XE were considered
to be subject to the likelihood of being forced out because of inadequate
ventilation. All survivors in these shelter categories were forced out (FV = 1.0)
in Risk and Neither areas. In Host areas, where ventilation devices are to be

provided under Program D Prime, FV = 0 for all shelter classes. The possibility

of damage to ventilation kits in the small fraction subjected to blast was ignored.

K.4 Time Estimates

The time after shelter occupancy at which people are forced from shelter
because of lack of water, ventilation, or both depends on the Effective
Temperature reached in the shelter and, hence, on the ocutside air temperature

during the days after attack. Assuming that the attack can occur at any time of
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the year, the probability distribution of the exit times can be determined for
any location from its weather history. However, POPDEF aggregates all locations
into Risk, Host, and Neither areas. Hence, these probabilities must be weighted
by the fraction of the population in each climatic zone and averaged to produce
a single average time of shelter-leaving that would predict radiation casualties
in the population defense model in agreement with a detailed place-by-place
analysis. The procedure used in determining TW and TV i1s described in Appendix

C of the companion report.*

The requirement (or desired characteristic) that TW and TV be selected
so that the resulting radiation fatalities and injuries will approximate those
of a more detailed analysis forces a distinction between the exit times for that
fraction of the population provided remedial radiological measures after exit
(FWR and FVR) and those who are not so provided. These different shelter exit
times, labeled TWR, TWN, TVR, and TVN, are entirely fictitious. They do not mean
that people afforded radiological countermeasures must leave shelter earlier than
those who are not. TWR and TVR are earlier than TWN and TVN in order to properly
reflect the casualties among the remedial group in early exits required in the

South and Southwest parts of the country in the summer time.

Since ventilation kits are assumed to be effective only 90 percent of
the time and FV is assumed to be zero where kits are stocked, the effectiveness
factor is accounted for by reducing the time of emergence, TE, in a way that
accounts for the increased casualties. Again, the estimates are sensitive to
post-exit radiological measures; hence, two final exit times are defined, TER
and TEN., The time, TER, is associated with the fraction afforded remedial
measures, FER, and the time, TEN, is associated with 1 - FER.

The resulting exit times used in POPDEF, in hours after attack, are:

*
Strope, W.E. and Devaney, J.F., Effectiveness of Civil Defense Systems, Center
for Planning and Research, Inc. (June 1979).
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TWR 36 Hours

TWN 45.6

TVR 91.2

TVN 165.6

TER 168

TEN 216

It will be noted that the fractions affected by water and ventilation
difficulties (FW and FV) and their exit times are not dealt with probabilistically
in MCPOPDEF at this time.
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